Studies on the Glutamate Dehydrogenase of Some Digenetic Trematodes of Buffalo by Abbas Abidi, S. M.
STUDIES ON THE CLUTAMATE 
DEHYDROGENASE OF SOME DIGENETIC 
TREMATODES OF BUFFALO. 
Dissertation 
For 
Master of Philosophy 
BY 
8. M. ABBAS ABIDi 
SECTION o r PARASITOLOGY 
DEPARTMENT OF ZOOLOGY 
ALIGARH MUSLIM UNIVERSITY 
ALI3ARH 
NOVEMBER, 1984 
DS809 
"Studies on th« GIuta&at« d^ydrogenase of sam9 digenst ic 
treraatodet of buffalcH*. 
A Oisftortation subsiittad 
in partial fulfilment for the 
Degree of 
MASTER OF PHILOaOPHSr 
By 
^.M. Abbas Abidi 
Section of Parasitology 
Depaxtment of Zoology 
Aligaxh Muslim University, Aligaxh. 
November, 1934 
DEPARTMENT OF ZOOLOGY ^Putr'^e'e 
ALIGARH MUSLIM UNIVERSITY Phone; ^^  ^^^ 43Q5 
ALIGARH, (U P.) India I 4042 
Sections 
1 ENTOMOLOGY 
2 PARASITOLOGY 
3 ICHTHYOLOGY & FISHERIES 
4 AGRICULTURAL NEMATOLOGY 
5 GENETICS 
Ref No 
D ate. KovecabAr. .9^.. .1984. 
This i s t o c e r t i f y tha t the work presented in t h i s 
d i s s e i t e t i o n has been car r ied out by S.M. Abbas Abidi and 
i s allowed to submit for the award of t h e Master of 
Philosophy degree in ZLoology of the Aligaxh Muslim 
Univers i ty , Aligaih. 
^s^.tX 
(WAJIH A, NIZAMI) 
Supervisor 
To 
My Grand Father 
K & i & a L & S B A S t 
Pag« 
t i 8 t of t a b l e s . . . . . . i v 
L i s t of f igures . . . . . . v 
L i s t of p l a t s s . . . . . . v i 
Aeknowisdgsoients . . . . . . v i i 
CHAfTEH - I INTH^DOCTION . . . . . . i 
CHAPTER - I I HISTORICAL BE VIEW AND STATEMENT 
QF PROBLEM . . . . . . 10 
CHAPTER - i n MATERIALS AND METHODS . . . 24 
CHAPTER- IV BESULTS . . . . . . 33 
CHAPTER. V DISCUS ION . . . . . . . 54 
CHAPTER. VI SUMMAJOr . . . . . . 64 
REFEREHCES . . . . . . 69 
i v 
T^X« o I . NozraaX act iv i ty of QLDH in parasites 
and host t i s s u e s , 34 
Tiible - IZ. Kinetic parameters of QLDH from treEBa~ 
todes of ^^bali^f W 4 ^ f f ' 35 
Table - I I I . Effect of pH w the GLDH act iv i ty . 39 
T ^ l e - IV, Effect of inhibitors on the act iv i ty 
of QLtM in 0 . expl an at ua. 47 
Table * V, Effect of inhibitors on the act iv i ty 
of QLOH in ^, cruBaenif^r. 48 
Table - VI. Histocheoiical l oca l i sa t ion of ^OH 
^^ Q' •JfPlyatum and g. crumenifer. 50 
Pagtt 
Fig. X. Olutaadte d«hydxog«nas« reaction. 8 
Fig. 2 . Pathway of mitochondrial ^DH involved in 
providing f#i^ for caxbamoyl-phosphat* 
formation. 9 
Fig. 3. (A) Enzyme act iv i ty as a function of 
substrate eonciMitration. (B) Double 
reciprocal plot of Lineweaven>^urk in 
Fig. 4 . (A) Enzyme act iv i ty as a function of 
substrate corxs^ntration. (B) Double 
reciprocal plot of LineweavexuSurk in 
§. crviaenifer. 3f7 
Fig. 5, Effect of pH on the ac t iv i ty of the oLDH. 40 
Fig. 6. Effect of nucleotides on the OLDH of 
SL' fxp^fnattffi and ^ ff|r^eni^fey. 41 
Fig. 7. Effect of ossiotic and ionic stress on the 
<3LDK of ^. fxplanati^ and ^. crumenifer. 43 
Fig. 8. Effect of amino acids on the OLDH of 
g, fxp^fpat^ and g. 8.Hffl>^ l^ ff|F» 45 
Fig. 9. Electrophoretic mobility of ^DH of 
g. tffRtf"#IW» l iver; g. ffjpMyen^ffy and 
rumwn. 33 
vi 
Plato - i . Histochemical loca l i sa t ion of OLIM in 
£• »xplanatua (Fig. 1-4) . 
Plat« - 2. Histochmical loca l i sa t ion of GLOH in 
^* crua«nifT (Fig. 1-4). 
X m grateful to Or. viiajih K Hiztai for his supervi-
si<»n and MWouragoBtont thzoughout th« pziograts of th is wozk. 
I wanfc to oxprsss ay doop tonao of gratltuda to 
Pzofossor Naw^ H. Kh^ D* Chaimwi, and to Psofatsor Athor 
K. Siddiqi» Oapt* of Zoology, for providing tho noeossazy 
laboratory fae i l i t i o s . 
Sineara appraeiati<M) goat to ay paronta for thair 
•xt;Aiarant styia of inspiration. 
To By colXoaguest Mr. Jawad Siddiqui, Mr. Shah Mac^ool 
Alaa and Miss. If fat Siddiqui, X an thankful for their ganoro-
s i ty with v^ioh thay hava allowad mo to aceanplish this wozk. 
Tha aurafarous soureas Mr. Mohantsad Ahnad, Miss. Khan Shanas 
Firesot, Miss. Parvoan Khan and Mr. Malik Xrshadullah, havt 
turaly sharad in i t s gastation whioh was mueh longar than 
axpaCtad. 
Sine ara thanks ara dua to Mr. Ashfaq, Dapaztnant of 
aynaaeology, J,H, Madieal Collaga, A .M.U. , Aligaxh, for 
assisting in cryotoety. 
X also wish to axprass lay acknowladgaraants to 
Mr. S.M. Muisar of J.N. Madieal Collaga, A.M.U.* Aligazh, 
for his axe all ant guidanea in praparation of photographic 
pi at as. 
Acknowledgements are due t o Mr, Qazi Javed Ahmad for 
typing the manuscript. 
The present author i s also thankful t o t h e C.S.I .R. 
for f inancial a s s i s t ance . 
\i.-M^'''^i 
j^'s.IftrTbbas Abidi) 
C H A P T E R 
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INTRQDUCTICW 
The scourge of p a r a s i t i c d i seases among ruminants in 
t r o p i c a l and sub- t ropical countr ies are responsible for great 
economic l o s se s . In India the p a r a s i t i c in fec t ions among 
c a t t l e and pa r t i cu l a r ly in buffaloes alone, are responsible 
for huge revenue l o s s e s . This affects the rural economy which 
mainly th r ives on c a t t l e and c a t t l e products. 
A number of c a t t l e products l i k e hide and skin, milk 
and milk products, horns and hoofs, c a t t l e h a i r s e t c . are a 
source of a quantum of foreign exchange. Despite t h e i r 
importance in the nat ional econcwmy, the net cont r ibut ion 
made by I n d i a ' s animal wealth i s not much, as i s evident from 
the l ive - s tock census of the year 1972, 
Of the many reasons for meagre cont r ibu t ion of l i v e -
stock to the national income, poor animal heal th might be 
considered as one of t h e major fac tor . A number of v i r a l , 
b a c t e r i a l , protozoan and helminth in fec t ions are not only 
responsible for poor qua l i ty of our c a t t l e products but are 
also responsible for heavy m o r t a l i t i e s during epidemic 
break-outs . Therefore, there i s an obvious need t o check 
t h i s pa r a s i t i c menace i n o lder to save the c a t t l e indus t ry . 
Before enbarking upon the chemotherapeutic cont ro l 
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measures, i t i s of primary importance t o understand the 
pa ra s i t e metabolism, hos t -pa r a s i t e r e l a t i onsh ip , various 
biochemical p e c u l i a r i t i e s and adaptat ions found among 
d i f f e r en t groups of p a r a s i t i c helminths. Such s tudies 
could be followed by an attempt to explore the avenues which-
can be exploited for control measures. 
With the advent of modem techniques, study of 
biochemical f^ienomenon among pa ras i t e s has revolut ionised 
the knowledge and understanding of pa ra s i t e metabolism, 
I n s p i t e of t h i s fact t he branch of helminth jrfiysiology and 
biochemistry i s s t i l l in i t s infancy and therefore a l o t of 
study i s yet to be done for b e t t e r understanding of the 
h o s t - p a r a s i t e r e l a t ionsh ip and t h e i r metabolic a c t i v i t i e s . 
The metabolic adaptations arxi va r i a t ions of t he pa ra s i t e s 
at biochemical l eve l , have always provoked the thought of 
i n v e s t i g a t o r s and t h i s has led t o unravell the mysteries of 
p a r a s i t i c adaptat ions. 
Pa ras i t e s l i v e in micro environments which are often 
d i f f i c u l t t o precisely simulate in the labora tory condi t ions 
because t h e i r metabolic pathways are e i t h e r very unusual or 
unique. These modified metabolic pathways in pa ra s i t e s of fer 
the p o s s i b i l i t y of developing chemotherapeutics, which t ake 
advantage of metabolic id iosyncras ies ( I s se rof f , 1980). 
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Because of diversif ied micxoenvizorvaents inhabited by 
helminths belonging to different taxon<»nic groups, i t i s very 
d i f f i c u l t or rather not possible to generalise the resu l t s 
of any biocheraical study. According to tJieir respftctive needs, 
the parasites have not only adapted morphologically but have 
also chenged or modified metabolically as well* The helminth 
parasites possess metabolic shunts, secrete ant i - enz^es and 
also have a remarkable capacity to regulate the ir metabolic 
a c t i v i t i e s , suitable t o the ir respective habitats through 
which they have to pass. The development of new strains of 
zoonotically important parasites also poso a challer^e t o the 
investigators working on physiology and bioch«nistxy, as 
in v i t ro culture and i s o - e l e c t r i c focussing studies of 
different strains of feffM,n9ffffffffMt qifffMi9iVl.f show biochemical 
variations (McManus and Smyth, 1979). Thus, i t i s necessary 
to study the basic biochemical principles operating in 
helminths with respect to t h e i r habitats . 
Among the various metabolic a c t i v i t i e s , carbohydrato 
metabolism i s the most widely studied aspect of helminth i:^ysio«> 
logy. Therefore, most of the anthelmintics available today, 
have been designed to interfere or inhibi t the energy production 
processes of the parasites . However, due to lack of suff ic ient 
knowledge of protein metabolism, which i s v i ta l for the 
parasit ic mode of l i f e , development of anthelmintics affecting 
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t h i s metabolism has haixily been exploited for the control 
measures. 
Prote ins are ubiquitous in t h e i r d i s t r i b u t i o n and have 
many biological funct ions. Besides being bui lding blocks 
of t i s s u e s , proteins are also involved i n c o n t r a c t i l e and 
t ranspor t system. They also act as p ro tec t ive agents, 
hormones, toxins , amino acid reserves and a source of energy 
when primary energy source (carbohydrates) i s not ava i l ab le . 
The immunoglobulins are nothing but prote in molecules which 
function as specif ic ant ibodies . 
The rapid mul t ip l i ca t ion of many p a r a s i t i c protozoa, 
the immense fecundity of most p a r a s i t i c worms, rapid s t r o b i -
l i s a t i o n in cestodes and asexual mul t ip l i ca t ion of l a r v a l 
treraatodes e t c . , obviously prove t h a t p a r a s i t e s synthesize 
pro te ins rapidly. The nitrogenous end products of pro te in 
metabolism and the presence of metabol ical ly u t i l i s a b l e 
compounds l i k e amino acids in the excretory fluid of helminths 
also show the importance of protein catabolism. Pro te ins can 
serve t o d i f f e r e n t i a t e pa ra s i t e and host enzymes tha t have 
i d e n t i c a l c a t a l y t i c p rope r t i e s , an approach having obvious 
impl ica t ions for chemotherapeutic measures (von Brand, 1973). 
I n s p i t e of t h e i r d ive r s i f i ed functional s ign i f icance , 
p ro te ins and t h e i r metabolism has remained a neglected aspect 
of pa ra s i t e physiology. I t has been mainly studied in protozoa 
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fo r the control purpose. Whereas in helminths, the study has 
been re s t r i c t ed to a l imited group of p a r a s i t e s . Among the 
t r ena todes , Fasciola sp, and schistosomes have been extensively 
used for the study of pro te in metabolism. Although ampiiistomes 
are qui te important from epidemiological as well as patho-
f^ysiological point of view but they have escaped the a t t en t ion 
of p a r a s i t o l o g i s t s . Therefore, helminth f*iysiology in general 
and amphistome physiology in p a r t i c u l a r , provide an ample 
opportunity for various inves t iga t ions in t h i s f i e l d . 
To urKierstand t h e phenomenon of protein metabolism, i t 
i s a prime requ i s i t e to woi^ out the presence and nature of 
t h e i r key enzymes. Among the various enzymes l i k e t ransaminases, 
dehydrogenases, oxidases and carboxylases taking part in 
anabolic and catabol ic a c t i v i t i e s of p ro te ins , glutamate 
dehydrogenase i s of great importance. I t i s a ubiquitous 
enzyme which stands at t h e cross-roads to carbohydrate and 
pro te in metabolism. 
Besides being an important enzyme of ni t rogen metabolism, 
glutamate dehydrogenase also serves as a marker enzyme because 
i t s increased l eve l s in the serum of the hos t , i s a manifes ta t ion 
of var ious pathological d i s o r d e r s . But the functional s i g n i f i -
cance of t h i s enzyme in the protein metabolian of amp*iistomes 
i s yet to be known. 
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Glutamate dehydrogenase (GLDH) (E.G. i . 4 . i . 3 ) i s a 
pyridine linked enzyme responsible for ca ta lys ing t h e rever -
s i b l e decKiination of glutamate t o -ke tog lu t a r a t e and 
anmonium ions as shov«n i n Fig, 1. 
The redox react ion catalysed by GLDH, plays an important 
ro le in amino acid metabolisoa as i t has been es tabl ished t h a t 
glutamate, a GLDH cata lysed react ion product, i s a major donor 
of amino group for the synthesis of various non-essent ia l 
amino acids . The ca tabol ic a c t i v i t y of the enzyme r e s u l t s in 
l i b e r a t i o n of ammonia which could be incorporated in to urea . 
Fig. 2 . 
The major mechanism of ammonia f ixa t ion i s ca r r i ed out 
by GLDH, thereby reducing the i n t r a c e l l u l a r tox ic l e v e l s of 
ammonia. The high leve l of i n t r a c e l l u l a r ammonia not only 
a l t e r s pti but also inf luences manbrane permeabil i ty and a lso 
tends t o reverse the GLDH react ion . This l a s t effect tends 
t o suppress tricaj^Joxylic acid cycle by deple t ion of - k e t o -
g l u t a r a t e (Prosser , 1973). 
The iamjphistomes in fec t the ruminants in t h e agrar ian 
t r o p i c s and sub- t ropics . The prevalence r a t e of these p a r a s i t e s 
in Aligarh i s staggeringly high. Regarding the poss ible role 
of GLDH in the helminth metabolism in general and in amphistcMne 
i n p a r t i c u l a r , no information i s avai lable t i l l t o d a t e . 
Therefore, i t was decided t o use these pa ra s i t e s as models 
for the present study in order t o understand the nature of 
GLDH which plays a cen t r a l role in prote in metabolism. 
Fig. X. Qlutsraate dehydrogenase reaetlon. 
t Reductive agination of c<:-K6A. 
: Reversible deamination of glutaraate. 
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HXSTOHICAL BtVlBi AND SThTBAtNT UF PRJBLEM 
The l a s t tv.o decades have witnessed a changed a t t i t u d e 
of pa r a s i t o log i s t s to switch over from taxonomic and raorpho-
log ica l s tudies to more applied aspects in order t o understand 
the bas i s of host pa ra s i t e r e l a t ionsh ip at physiological , 
biocheiiical arKi molecular l e v e l s . The ava i lab le l i t e r a t u r e 
of past several years on pa ra s i t e physiology, c l e a r l y reveals 
t h a t extensive s tudies have been r e s t r i c t e d t o a l imited group 
of p a r a s i t e s , Among t h e s e , the p a r a s i t i c protozoa have been 
extensively studied. However, among helminths, only 
schistosomes, jFasciola s p . , and HymenQlepig, s p , , have been 
used as the best experimental models for biochemical 
i n v e s t i g a t i o n s . The members belonging t o the family 
paramphistanatidae (Fischoeder, 1901) have remained more o r 
l e s s neglected i n sp i t e of t h e i r high prevalence r a t e . 
Realising the importance t imely , von Brand (1973, 1979), 
exhajs t ive ly reviewed the l i t e r a t u r e on pa r a s i t e biochemistry 
and physiology. Bar re t t (1981) and Chappell (1980) have a l so 
given comprehensive accounts of t h e p a r a s i t e metabolism and 
t h e i r metabolic p e c u l i a r i t i e s . But l i t t l e i s known about 
pro te in synthesis in p a r a s i t i c helminths (Cox, 1982). 
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Glutamate dehydro9end8« I s knov»n t o play a pivota l 
r o l e in protein metabolism, but only a few sca t te red repor t s 
regazding the role of t h i s enzyme are ava i lab le on protozoa, 
helminths and other group of p a r a s i t e s . The GyUDH has be«n 
shown to be present i n several species of p a r a s i t i c protozoa 
vi2i Plasmodium berohei (Langer e t a l . . i9TO), in Pla«aodium 
lophurae (Sherman ^ ^ . , 1971). The glutaroate catabolism by 
GLDH y ie ld s the oc -ke tog lu t a ra t e which i s an important inte2>-
mediate of the TCA cycle and therefore tiiis reac t ion helps in 
t h e energy metabolism of p a r a s i t i c protozoa (Gutter idge and 
Coombs, 1977). 
fitaonq t he helminths the QLDH a c t i / i t y in Fasciola 
kW,^\i^9^» 9M^^9,9ll^m Jtaficeoj.at|^, Paramphistomum ce rv i and 
l i v e r t i s s u e of ruminants, has been estimated by Krvavica 
^ ^ . (1967). They reported t h a t t h e enzymo a c t i v i t y in 
£• hepat ic a was maximum, followed by l i v e r t i s s u e , £ . ce rv i 
and 2 . lanceolatum. These r e s u l t s were contrary t o -Ui« 
expectat ions because in ^ . Gfipf\» enzyme leve l was not h igher 
than in £ . hepatic a. i n s p i t e of t he fact t ha t £ , ce rv i i nhab i t s 
t h e runen which has a high concentrat ion of free ammonia. The 
GLDH a c t i v i t y has also been reported frcxn the daughter 
sporocysts of Microphallus pvamaeus (Pascoe, 1970). 
Daugherty (1954) reported reductive amination of keto 
acids in Hvroenolepis diminuta while Mustafa jgt J i , . (1978) 
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have studied the a c t i v i t y of cytosol ic GLOH in the a n t e r i o r 
p rog lo t t id8 of t h i s ces tod«. 
Oxidative deamination by GLOH has also been demonstrated 
in a number of nematode spec ies . Pollak and Fa i rba im (1955) 
reported t ransdeaninat ion in t he ovar ies of A, lugabricoides in 
which a weak GLOH system l inked with alanine and a spa r t a t e 
t r ansaa inases was found. Langer (1972) reported a c t i v i t y of 
t h i s enzyme from fanale A. suum. while Barre t t and Beis (1973) 
have shown t h a t ovar ies of j ^ , lumbrlcoides possess a weak GLDH 
but t h e i r muscles have higher a c t i v i t y of t h i s enzyme which 
may i nd i ca t e a g rea t e r po ten t i a l r a t e of deaninat ion i n t h i s 
t i s s u e . The ac t iv i ty of GLOH has also been reported from the 
Panaorel lus redivivus (Wright, 1975) and Haemor^chus contor tus 
( C r o l l , 1976). 
Since ketoacids are common intexmediates of carbohydrate 
metabolism, therefore reduct ive amination has been postulated 
14 
on the bas i s of appearance of the labe l led glucose ( C) 
carbons in aaino acids and pro te ins (von Brand, 1973). This 
has been invest igated in Ancvlostoma caninum in which the 
re levant enzyme, Ga^OH has also been reported by Perez-Gimenez 
jgt ai.. (1967). 
According t o Hasero £ l J^.* (1968) the presence of GLDH, 
g l u t a s a t e decarboxylase and aminotransferase and the excret ion 
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of 4-arainobutyrete in A. liwnbriGoides and Monlezia ex pans a 
under anaerobiosis , suggests t h a t a 4-aninobutyrate bypass 
which e x i s t s in the mammaiian bra in may also occur in helminths. 
However, Kerkut (1976) has also suggested t h a t glutamate (a 
dica2±)oxylic amino acid) may function as the exc i ta to ry 
t r a n s m i t t e r at the nerve-ipuscular junc t ions of c rus taceans , 
i n s e c t s and molluscs. 
McGivan and Chappell (1975) have not only reported high 
a c t i v i t y of t h i s enzyme from r a t l i v e r t i s s u e but they hav« 
also infer red a possible physiological ro le of GLDH. According 
to these inves t iga to r s ( l o c . c i t . ) t h i s enzyme i s involved 
mainly in glutamate synthes is , which i s the f i r s t reac t ion 
on the pathway to glutaanine synthesis t h a t u l t imate ly helps 
in n i t rog^ i s torage. However, according t o Barret t(1981) "Uie 
a c t i v i t y of GLDH in pig l i v e r mitochondria was approximately 
50 t imes higher than in muscle mitochondria and i n s p i t e of the 
fac t t h a t GLDH i s widely d i s t r i bu t ed in helminths, i t s regular-
to ry proper t ies have not been studied in d e t a i l so f a r . 
Mere estimation of an enzyme ac t i v i t y does not suff ice 
t o understand t h e i r molecular behaviour unless some k ine t i c 
parameters are also s tudied. Therefore i t i s necessary t o 
know t h e optimum subs t ra te concentra t ion, pH maxima, effect 
of var ious s t imulators as well as i n h i b i t o r s which influence 
t he enzyme ac t iv i ty and also help to understand the nature 
of the enzyme molecules. 
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In Harttnanella qu lber t sonl . the Michaelis constant 
(Km) value for t h e subs t ra te of GLDH catalysed reac t ion has 
—4 
been reported as 2,6 x 10 M by Rao and Husain (1979), vohile 
in H, diminuta as 0,20 mM for ©c-ketoglutarate (Mustafa j j ^ a l . . 
1978). 
The optimuB j*i for the a c t i v i t y of t h i s enzyme from 
human serun has been reported t o be 8,0 (Schnidt , 1965). 
Rao and Husain (1979) using tr iethanolamine (TRA) buffer 
and phosphate buffer, found higher a c t i v i t y of GLDH at 
Frfi 8.0 in 1 .^ cu lber t soni but r e l a t i v e l y the a c t i v i t y was 
higher in TRA-buffer than phosphate buffer, Wustafa e t a^ J,. 
(1978) have reported highest a c t i v i t y at pH 7.4 in 0,O5 M 
t r i s - m a l e a t e buffer f o r c < - k e t o g l u t a r a t e («<-KGA) at 1,0 mM 
concentra t ion . These i n v e s t i g a t o r s have fur ther suggested 
t h a t the pti of the assay mixture subs tan t i a l ly modifies 
-ke tog lu t a r a t e binding. In fac t , decrease in the pH of 
assay mixture from 7.4 to 6.5 lowered the apparent Km value 
for<7C-KGA almost ten fo lds . Values at pH 6.5 were a t l e a s t 
90 times higher for NAOH oxidat ion than NAD reduction. 
The QLOH i s a pyridine l inked enzyme, t he r e fo re , i t 
u t i l i s e s e i t h e r NAO or NAOP as coenzymes. The NADP spec i f ic 
GLDH ( t . c . 1,4.1,4) has been reported from jP. loig^urae by 
Sherman ^ t ^ . (1971), from £ . chabaudi by Walter e t ^,(1974), 
The NAD-linked GLDH has been reported fron Trypanosoma c ruz i by 
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Cazzulo s i jaL» (i.979). According t o Rao and Husain (1979), 
GLDH of H. cu lber tsoni oxidised NADH and not NADPH, v^llile in a 
sea anaemone, Metridium sen i l e , t h e GLDH was found t o be 
specif ic for NADP (Stephen e t a i . . , 1978). Mjstafa ^ a^. (1978) 
have reported the HM)/tiM)H dependent CiLIHi a c t i v i t y in li, diminuta, 
Langer (1972) and Ba r r e t t and Beis (1973) have reported NAD-
specif ic enzyme frcra 4 . suum and ^ . Imnbricoides respec t ive ly . 
The NAD-specific CiLDH has also been found in |^, contor tus 
(Fhodes and Ferguson, 1973) and in Diyof i la r ia inataitis (McNeil 
and Hutchinson, 1971). 
Besides coenzyme s p e c i f i c i t y , t h e nucleot ides also play 
an important ro le in pro te in metabolism. The pyrimidine as 
well as purine nucleot ides inf luence t h e c a t a l y t i c a c t i v i t y 
of t h i s enzyme. The nucleot ides p a r t i c i p a t e in near ly a l l 
biocheodcal processes. They are act ivated precursors of ONA 
and BNA. Nucleotides are metabolic regula tors ( S t r y e r , 1975) 
and the re fo re , GLi:^  being an a l l o s t e r i c enzyme i s markedly 
influenced by a l l o s t e r i c modif iers , v iz i AMP, ADP, ATP, GAfi>, 
UMP and GTP e t c . Of t h e various nucleot ides t e s t ed at 
• 3 1.6 X 10 M concentra t ion, only AMP produced 400 percent 
ac t iva t ion of QLDH which was p a r t i a l l y purif ied frora 
U" cu lber t son i fRao and Husain, 1979). According t o Mustafa 
e t al^, (1978), t he GLDH of Ji. diminuta was not affected by 
1 mM AMP, ADP, ATP, IDP, GDP o r GTP. The nucleot ide concent ra t ions 
appeared to be physiological ly s ign i f i can t as Ba r r e t t and Beis 
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(1973) have calculated nucleot ide concentrat ions fo r 
H, diminuta to be in the order of 0,29 - 1,57 u moles/g 
fresh weight. However, Bar re t t (1981) has pointed out t h a t 
the manmalian GLDH i s act ivated by /^ DP and GDP while i t i s 
inh ib i ted by ATP and GTP. Rhodes and Ferguson (1973) have 
found t h a t GLDH in H. contor tus was not act ivated by e i t h e r 
by MP o r ATP, although GLDH plays an important ro le i n 
regulat ing protein cdt€dt>olism and enaboliaa of n^natodes. 
Besides tnetabolic ac t i va to r s o r i n h i b i t o r s , t h e ionic 
concentra t ions and d i f f e r e n t oaonolarities also inf luence t he 
a c t i v i t y of many dehydrogenases, spec i f i ca l ly of LDH and 
GLDH of some inver t eb ra tes (Schoffenie ls , 1964), Th« osmotic 
pressure of t he environment determines the amount of osmotic 
work t h a t an organism has to do. Coring i t s l i f e cyc l e , a 
helminth pa ra s i t e has t o pass through a wide rM)g« of osmotic 
pressures , frc^ mammalian t i s s u e t o the t i s s u e s of f r e ^ water 
o r marine inve r t eb ra t e s . The effect of changing osmotic 
pressures and ionic concentrat ions have never been studied 
e a r l i e r in r e la t ion t o t he enzyme a c t i v i t i e s . However, a 
number of inves t iga to r s have used weight changes and o the r 
parameters as an index of osmotic and ionic a c t i v i t y of 
p a r a s i t e s . The regulat ion of o^sot ic and ionic balance i n 
r e l a t i o n t o weight a l t e r a t i o n s i n £ . gig antic a and o the r 
d igenet ic trematodes has been extensively studied by Siddiqi 
and Lutz (1966) and Siddiqi jgt a^,, (1973), whereas Knox and 
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Pante lour i s (1966) have studied the osmotic behaviour of 
£• hepatic a in raodified Hedon-Fleig media. The oaoao-regulation 
s tud ies have also been made on the t rena tode , ^^aqmatoJrOcchus 
medioplexus by Bair and Pe ters (1971), 
However, s tud ies in r e l a t i o n to the effect of osmotic 
and ionic s t r e s s on t h e a c t i v i t y of GLDH have been i n v e s t i -
gated on crustaceans , but no report i s avai lable from th« 
helminth pa ra s i t e s . The GLOH extracted f n ^ the t i s s u e s of 
spiny l o b s t e r fPal inuius v u l g a r i s ) , cray fish (Astacus 
f l u v i a t i l i s ) and l o b s t e r (Homaxus vv^lqaris) i s dependent on 
the ionic composition of the incubating medium (Schoffeniels 
and a l l i e s , 1963; Schoff e n i e l s , 1964 a ,b , 1965, 1966) and 
fu r the r observed t h a t the re i s an inverse r e l a t i onsh ip as f a r 
as the s a l t effect i s concerned. In the case of a euryhaline 
spec ies , the ac t i v i t y of GyuOH i s maximal i n concentrated media, 
while t ha t of the o the r dehydrogenases (Li^ e t c . ) i s minimal. 
I f the animal goes in to a d i lu ted medium the C^ OH a c t i v i t y 
decreases (Flox^in and Schoffeniels , 1969), Thus t he synthes is 
of amino acids should decrease while the oxygen consumption and 
aoffiionia excret ion should inc rease . This i s indeed observed 
with most of the euryhaline species by Florkin and Schoff e n i e l s 
(1969), Schoffeniels (1966). Accoiding t o G i l l e s and 
Schoffeniel t (1965), addi t ion of 10 mM ammonium chlor ide t o 
t he incubating media of the surviving i so la ted t i s s u e , 
inc reases the in t ra«-cel lu lar pool of free amino ac ids . Therefore, 
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i t i s evidv^nt iiom t he fact tha t osmotic and ionic concent ra-
t i o n s influence t h e metsboiisan through a l t e r ing the enzy^je 
a c t i v i t y . 
In many inve r t eb ra t e s and possibly in helminths as we l l , 
anairra acids are involved in the regula t ion of i n t r a - c e l l u l a r 
osmotic pressure. The diszupt ion of t h e osmotic balance when 
helminths are removed from t h e i r hos t s and \A^en incubated 
i n v i t r o r e su l t s in to an i r^reased amino acid leakag*. 
M* diminuta. which had previously absozbed labe l led methionine, 
l o s t the compound slowly when incubated subsequently i n s a l i n e , 
but very rapidly when incubated in s a l i ne contanining anino 
acids (Hopkins and Callow, 1965; von Brand, 1973}• 
In free l iv ing i nve r t eb ra t e s , free amino acids are 
important regula tors of i n t r a - c e l l u l a r osmotic pressure . 
According t o Kasschaj (1975) pro l ine i s an osmotic e f fec to r 
in the l a rva l s tages of Himasthla aui&setwisis . Amino ^ i d 
t r anspor t may also be involved in osmoregulation as observed 
In | i . diminuta (Lus ie r jgj^  sif* i.978). The o the r osmotic a l ly 
important amino acids a re : g lycine, a rg in ine , a lanine , glutamine 
and glutamic acid (F lork in and ^chof fen ie l s , X969). P ro l i ne , 
an endproduct of ni t rogen metabolism in £ . hepat ic a. i s 
released by the worm in l a r g e amounts (20-50 ;ui raoles/day/wozm). 
The excess prol ine excret ion has a t l e a s t th ree pathophysiological 
e f f ec t s on the host , v iz t b i l e duct hyperplas ia , depressed 
19 
growth r a t e and weight gain and anaemia (Xsseroff, 1980). 
The re lease of l a rge amounts of f ree prol ine has also been 
reported in Schistosoma sp. by Senft (1963J where as Lutz and 
Siddiqi (1971) have reported unequal d i s t r i b u t i o n of nirt iydrin 
pos i t i ve substances l i k e pro l ine , a lanine , h i s t i d i r w , phenyl-
a lanine , ser ine and l y s i n e in the protonephxidial f luid of 
£• gigant ic a. The most common ones were p ro l ine , a lanine and 
h i s t i d i n e . 
The prol ine excret ion has been found t o s t imula te 
collagen synthesis which may be re la ted t o f i b r o s i s . Therefore, 
pro l ine re lease may be considered as an s t ra tegy by which the 
p a r a s i t e s improve t h e i r d e f i n i t i v e h a b i t a t . 
However, McGivan and Chappell (1975) have found t h a t 
r a t l i v e r QLOH i s stinHilated by l euc ine , i so leuc lne and methio-> 
nine , while Mustafa ^ ^ , (1978) reported t h a t these amino 
acids have no effect on the enzyme i so la t ed frcMo ^, d iminuta . 
Various metaboli tes are also known t o influence t h e a c t i v i t y 
of GLDK. The glycolyt ic in t ecned ia te s at 1 mM concentra t ion 
were without any effect on the GLDH a c t i v i t y of iJ. diminuta. 
The TCA cycle intexmediates inh ib i ted the enzyme a c t i v i t y at 
r e l a t i v e l y higher concentrat ions (10 mM malate and fumerate, 
50 mM succ ina te ) . This concentra t ion was necessar / t o achieve 
50^ i n h i b i t i o n , hence, t h e i r {^ysiological s ignif icance i s 
q u e s t i o n ^ l e (Mustafa s ^ ^ t 1978). 
20 
Glutatnate dehydrogenase i so l a t ed from d i f fe ren t sources 
are affected by an almost bewildering array of compounds. But 
hardly any report i s ava i lab le on the inh ib i to ry or s t imulatory 
ef fec t of various chemical agents on the a c t i v i t y of GLDH in 
aotphistcxnes, although repor t s are avai lable on o the r p a r a s i t e s . 
A number of compounds vizj copper sulphate , mercuric ch lo r i de , 
zinc sulphate, sodiuen cyanide and hydrazine sulphate appre-
c i ab ly influence t h e ac t i v i t y of GLDH in ^, cu lbe r t son i 
(Rao and Husain, 1979). The cytoplasmic pro te in synthes i s of 
trypanos(»nes i s inh ib i t ed by cycloheximide. This metdbolic 
i n h i b i t o r i n h i b i t s t he prote in synthes is in c e l l free ex t r ac t s 
of i n t r a - e ry th rocy t i c s tages of malarial pa r a s i t e £ . knowleai. 
but i t has not been known tha t what enzymes of pro te in 
metabolism are sens i t ive t o t h i s compound by which blocking 
of the metabolic processes occur in p a r a s i t e s (Gut ter idge and 
Coombs, 1977). 
Previous s t ud i e s reveal t h a t t h e c a t a l y t i c a c t i v i t y of 
GLDH d i f f e r in d i f fe ren t organs and t i s s u e s , showing t h e i r 
r e l a t i v e va r i a t ions in metabolic a c t i v i t i e s . This fac t may 
very well be demonstrated by using histochemical techniques , 
l o c a l i z i n g the d i f f e r e n t i a l d i s t r i b u t i o n of enzykne in p a r a s i t e s 
and by enzyme polymorphism s tudies through e lec t rophores i s . 
No repor t i s avai lable on histochemical l o c a l i z a t i o n and 
isoenzyme study of GLDH of amjAistome p a r a s i t e s . Thurman e t a l . 
(1965) found upto seven bands of a c t i v i t y in the radic les^ 
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shoots and cotyledons of the broad bean ( y i c i a faba) and pea 
(Pisum sativum), while Grimes and F o t t r e i l (1966) described 
three bands in the root nodules of £ . sativuia, AecoiDding t o 
Wilkinson (1970), i t i s uncertain as t o how fa r these should 
be regarded as isoenzymes, and i t may be possible t h a t th« 
various foznis are separate adaptive enzymes produced in 
response t o changes in envizonnent. Florkin and Schoffeniels 
(1969) have reported t h a t the GLDH extracted frc^ muscle, 
does not behave exactly l i k e the enzyme extracted fxom the 
g i l l s of H. vu lga r i s . They fu r the r elaborated tha t c a t i on i c 
s p e c i f i c i t y as well as the anionic eff iciency are d i f f e r en t 
according to the o r ig in of enzyme. This corresponds t o t h e 
d i f fe rences in the s t ruc tu re of the enzyme prote in and of fers 
a new example of isoenzymes. Van de r Helm (1962) has resolved 
GLDH from ht^an t i s s u e by agar-gel e lec t rophores i s i n to fi)«» 
separa te isoenzyme which are detected by tetrazol ium s ta in ing 
technique. 
The metdt>olic charges during the l i f e cycle of a 
p a r a s i t e may include a l t e r a t i o n s in t he i n t r a - « e l l u l a r d i s t r i -
but ion of enzymes, t h e example i s of ^ . lumbricoide» ^^A\oam 
d i f f e r en t developmental s tages show enzyme polymorphi«o. In 
o the r pa ra s i t e s a lso , the enzymes of t he f ree»l iving phase may 
be adapted for the p a r a s i t i c stages and converse happens when 
f ree l i v i n g stages are shed from the hos t , B a r r e t t (1961) has 
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pointed out tha t t he d i f f e ren t p roper t i e s of t he separa te 
isoenzymes are masked, when using the whole homogenates or whole 
animal ex t r ac t s , as i s often the case with helminths. 
From the foregoing survey of l i t e r a t u r e the importanc* 
of protein met^ol ism and the functions of i t s key enzyme l i k e 
GLDH, may eas i ly be rea l i sed and the re fo re , the present study 
was designed considering the above f a c t . In Aligaxh, buffaloes 
slaughtered at the loca l a b a t t o i r have been found t o harbour 
enormous number of t rematodes, p a r t i c u l a r l y anphistoraes. The 
two aoip^iistomes v i z : Giaantocotvle explanatumi (Nasroark. 1937) 
and Gastrothvlax crumenifer (Crepl in . 1847), infec t ing two 
d i f f e r en t organs v iz : b i l e duct and rtunen respec t ive ly , of 
t he same host Bubalus buba l l s , were chosen. 
The present study has been ca r r i ed out in a moderately 
equipped laboratory whexre f a c i l i t i e s a v a i l ^ l e t o the author 
were l imi ted . Therefore, i t was decided t o i nves t i ga t e the 
k ine t i c behaviour, ef fec t of c e r t a i n i n h i b i t o r s and s t imu la to r s , 
histochemical l o c a l i s a t i o n and enzyme polymorphism of OLOH of 
both the pa r a s i t e s . The pur i f i ca t ion of enzyme was not poss ib le 
due t o the lack of cold room f a c i l i t i e s and u l t r a c e n t r i f u g s . 
In helminths, no gene ra l i sa t ion can be made on the ba s i s 
of r e s u l t s obtained with one member of t h e group, even though 
they may be re la ted t o each o ther morphologically or taxono-
mlca l ly , thus i t i s necessary t o study each member separa te ly 
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in Older to see the inf luence of microenviroreaent on t he 
helminth physiology. I t i s i n t e r e s t i n g t o find t h a t 
S« ^xplaiati^i^ i s found in b i l e duct where environment i s more 
o r l e s s constant . Whereas G. cromenifer inh^ribits ruKaen which 
i s r ich in CO^ concentra t ion and free ammonia, end also the 
p a r a s i t e experiences more o r l e s s continuously changing 
o&nx>tic &r«i ionic balance due t o d ie t a ry hab i t s of the hos t . 
TTie ul t imate aim of any physiological o r biochemical 
study i s t o provide suf f ic ien t knowledge of p a r a s i t e metabolism 
t h a t would ul t imately he lp in designing b e t t e r and more 
e f fec t ive drugs as well as specif ic drug formulations which 
might help in eradica t ing t he p a r a s i t e i n f e c t i o n s . 
C H A P T E R I I I 
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MATbRIALS AND MfcTHQDS 
A. Col lect ion of pa ra s i t e^ ; 
Gig ant PC ot v ie explanaturo and Gastrothvlax ciumenifer 
were col lected frc«ii the b i l e duct and rumen respec t ive ly , of 
the freshly slaughtered buffaloes (Bubalus bubal ls ) a t the 
l o c a l aba t to i r . 
The vvozms attached to t he host t i s s u e were expedi t iously 
brought t o the laboratory in thernoosflasks and they were 
immediately t ransfer red to the Kank*s mediucQ ccMntaining 
136.89 mM N a a , 5.36 mM KQ, 1.66 mM CaCl^ (dehydrated) , 
0 ,81 mM MgSO., 0.33 mM anhydrous Na^HPO., 0.44 mM i^PO. and 
2 .61 mM NaHCXJg maintained at 37 + i^C. This medium was used 
without glucose. The worms were rinsed gently in the Hank's 
medium t h r i c e and ioHnediately a f t e r , ca re fu l ly b lo t t ed on 
Whatman f i l t e r paper and frozen at -15**C o r freshly used for 
homogenate preparat ion. 
B. Homogenate preparat ion: 
Hcxnog^ates of d i f f e r en t concentra t ions were prepared 
as per requirements. 
( i ) For enzyme assav: 
Freshly b lo t ted o r frozen 1 gm worms were homogenized i n 
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PotteivElvehjm glass t i s s u e homogenizer in iO volumes of 70 mM 
jf^iosphate buffer s a l i n e , pH - 7 .4 , containing 0,25 M sucrose, 
and l e f t to stand for an hour at 0-4°C, Since the enzyme 
^ t i v i t y was assayed in exude homogenate there fore ca re was 
taken tha t maximuiD enzyme i s released in order t o obtain 
{ndximuia possible ^ t i v i t y in t he homogenate. The horaogenate 
was centrifuged at 6000 r.p.m. for f i f t een minutes at 0-^®C, 
i n a cold r o t a r head of centr i fuge (Rerni: R-24). The super-
natant f luid was gently co l l ec ted with the help of a p i p e t t e 
and used for enzymatic assay. Where ever i t was found 
necessary, the enzyme preparat ion was d i l u t ed and the 
d i l u t i o n fac tor was taken in to account in c a l c u l a t i o n s . 
( i i ) For e lec t roc^ore t i c studyt 
The fresh adult f lukes of Giqantocotvle explanatum. 
Ga^trothvlax crumenifer. and host l i v e r and lumen t i s s u e , each 
weighing 2 .5 gm, were hc»aogenized separately in 5 .0 ml of i c e 
cold double d i s t i l l e d water in Potter-Elvehjm g la s s t e f lon 
t i s s u e gr inder , maintained at 0-4*^0, and l e f t t o stand for an 
hour so t h a t maximum enzyme i s released from the cytosol as 
well as mitochondrial p a r t i c l e s . Before cen t r i fuga t ion at 
10,000 r.p.m. for 15 minutes at 0-4**C, 9 ml of 70 mM phosphate 
buf fe r sa l ine containing 0.5 M sucrose was added. The super-
na t an t , thus obtained, was used for e lec t rophore t ic mobil i ty of 
the isoenzymes of GLDH. 
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C, 6LDH assay: 
( i ) Nomal ac t iv i ty of the enzviae: 
GLDH ac t iv i ty v^es assayed spec t rophotoae t r ica l iy at 
34J n;;, using the Eiethod of ixihtrddt (1974) in t h e d i r e c t i o n 
of glutamate foimation. Th© pr inc ip le of th© react ion i s 
based on the oxidation of t-U^DH which l eads t o decrease in 
ex t inc t ion at 340 nn., on bpect i^nic 2ID (Bausch and Lomb, 
USA). All the assay experiments were car r ied out i n a 
moderately equipped ldt»,, at room temperature. The standard 
assay mixture of t o t a l volume 3 ml, i n a quartz c e l l of 1 cm 
pathlength contained: 0,2 raft^/niL N/\E»4, 50 tm/ml t r i e t h a n o l -
amine buffer (pH 8 .0 ) , 2 .3 mM/ml EDTA, 100 raiv/ml ammonium 
ace t a t e , 2 U LDH, 7 m/^ i/ml 2-.oxoglutarate, and enzyme prepara-
t i on of both the amphistc»nes. The enzyme a c t i v i t y was assayed 
for t e n minutes and a change in ex t inc t ion has been recoixled 
at 1 minute I n t e r v a l . 
( i i ) Effect of subs t ra te concentra t ion: 
For the k ine t i c study d i f fe ren t (2-oxoglutara te) 
^ b s t r a t e concentrat ions ranging from: 0.5 mM, 1.0 mM, 2 ,0 raM, 
4 .0 mM, 6.0 mM, 6.5 mM, 7.0 mM, 7.5 mM, 8.0 mM and 10 mM were 
prepared. Michaelis constant values for «-KGA has been d e t e r -
mined in both the p a r a s i t e s , using double rec iprocal p lo t s of 
LineweavexvBurk (1934). 
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( i i i ) Effect of vHi 
To study the inf luence of pH on the a c t i v i t y of GLDH, 
foilowing buffers (70 mM cone.) of d i f f e ren t pti range wer« 
used: 
a. Phosphate buffer pH 6,0 - 8.0 
b . Triethanolamim pH 7 ,0 - 8.5 
C. Glycine-NaOH pH 8,0 - 9.5 
d. Phosphate-NaOH pH 9.5 - iO.O 
The enzyme ac t i v i t y , thus obtained was p lo t ted against 
d i f f e r en t pH. All t he pH were adjusted using a Systronics 
d i g i t a l pH meter, 
( i v ) Effect of osmotic and ionic s t r e s s i 
The effect of osmotic and ionic s t r e s s on t h e a c t i v i t y 
of GLDH was studied a f t e r incubating the worms in Tyrode sa l ine 
of d i f fe ren t ionic concentra t ions and osmola r i t i e s . One gramie 
p a r a s i t e s were weighed on a s ingle pan e l e c t r i c a l balance and 
then t rans fe r red to 50 ml beaker, each one containing: Q^ 
(double d i s t i l l e d water ) , 25^, 50%, 7556, 100% (normal), 150% 
and 200^ Tyrode, maintained at 37 + 2^ *0 in a metabolic shaker, 
100% Tyitjde containing 136 mM NaCl, 2,6 niM KCa, 1.8 mM CaCl^, 
1.1 mM NaHCO ,^ 0,32 mM NaFL^PO ,^ 0,9 mM MgCl2 ^^^ considered 
as i so ton ic sa l ine . The osmolarlty of d i f f e r en t concent ra t ions 
of Tyrode sa l ines were deteimined by using Osmomdt<-O30. The 
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instrument was c a l l i b r a t e d by using doubie d i s t i l l e d water . 
The incubation of woiras were car r ied out for a fixed period 
of two hours, and immediately a f t e r , worms were removed, 
and homogenized for the assay of enzyme a c t i v i t y as described 
e a r l i e r . 
(v) Effect of amino acids : 
A number of amino acids have been found t o influence 
the i n t r a - c e l l u l a r osmotic bai&nce. Therefore, var ious amino-
acids were chosen for the present study t o i nves t i ga t e whether 
they have some influence on the a c t i v i t y of QLDH, The 
following amino acids at 1 mM concentrat ion each, were added 
t o t h e assay mixture: 
1. L-leucine 
2 . DL-alanine 
3 . L-proline 
4 . L-aiginine 
5 . L~gXycine 
6 . L-glut amine 
( v i ) ef fec t of nucleot ides : 
Various nucleot ides act e i t h e r as a l l o s t e r l c a c t i v a t o r 
o r i n h i b i t o r of enzyme a c t i v i t y . "Hie effect of following 
nucleot ides at 1 mM concentrat ion each, was studied by adding 
t o t he assay mixture in oixJer t o find out t h e i r effect on 
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GLDH a c t i v i t y . 
1. Adenosine 5••-nionophosphate (M4P). 
2 . Adenosine 5 ' -diphosphate (AOP). 
3. Adenosine 5 ' - t r iphospha te (ATP). 
4 . Guanosine 5'-monophosphate (GMP). 
5 . Cytidine 5'-monophosphate (GMP). 
6. Uridine 5'ntno no phosphate (UMP). 
( v i i ) Effect of chemicals: 
Enzyme molecules respond d i f f e ren t ly t o d i f f e r en t 
chemicals . Some chemical agents cause revers ib le while o thers 
r e s u l t in i r r e v e r s i b l e i n h i b i t i o n of enzyme a c t i v i t y , s t i l l 
o the r s may behave as spec i f ic i n h i b i t o r s , A number of i n h i b i -
t o r s were selected to see t h e i r effect on the GLDH a c t i / i t y 
and the following were used in the present study. 
Concentrations - M 
—3 
1. Cycloheximido 1 x 10 
2 . Diethyldithiocarbamate (DDC) 1 x 10*^ 
3 . Semicarbazide hydrochloride 1 x 10 
—3 
4 . lodoacetate 1 x 10 
5 . Mercuric chlor ide 1 x 10"^ 
—2 
6. Potassium cyanide 1 x 10 
—2 
7. AiBiBonit^  sulphate 1 x 10 
_2 
8. Sodium sulphate 1 x 10 
9. Copper sul Folate 1 x 10 
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D, Hi stQ»®nzwioloaic al s tudy: 
In order t o demonstrate t h e d i f f e r e n t i a l d i s t r i b u t i o n 
of GLDH in various regions of t h e p a r a s i t e s , G, ex Plan at urn 
and G. cnanenifer were cryo-s t re tched ond anbedded in Tissue-
Tek 11 (Lab-Tek Products, USA). The Vvorms were s l iced a t 
10-12 um on a c ryos ta t (American op t ica l Corporation, USA) 
at -25°C. The frozen sect ions were taken on c lean g l a s s 
s l i d e s which v»iere imnedietely t rans fe r red to coupiin j a r s 
containing t e s t medium preincubated at 37 ± 1*^ 0, Controls 
were also run simultaneously end prepared e i t h e r by on i t t i ng 
the subs t ra te fras the caedium or by t r e a t i n g the sec t ions 
at 70 C. The t e s t medium contained? 
1 . NAD 60 mgm, 
2 . Nitro-BT 30 mgm, 
3 . PMS 2 mgm, 
4. 0.5 M phosphate buffer (pH 7.0) 25 ml. 
5 . 0.5 raM Na-glutamate (pH 7.0) 5 ml. 
6. D i s t i l l e d water 70 ml. 
£• PQlvacrvlanide d isc gel e l ec t rophores i s : 
PolyacxylaGQide gel e lec t rophores is was ca r r i ed out 
according t o the method of Davis (1964). The small pore gel 
contained 7% acryl amide and N,^4-methylene-.bis-acrylanide. 
The ge l s were loaded with about 50 u l i t r e a l iquotes of th« 
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homogenate containing 50-80 ugn of p ro t e in s . E lec t rophores i s 
was conducted at 4*^ 0 in i»handon Elect rophores is assembly, 
using 0,1 M t r i s - B i l , pH 7.4 , as bridge buffer , A cur ren t of 
3 raA/gei coliann (6 x 73 mm.) was maintained u n t i l t he t rack ing 
dye (0,05)^ bronwp^enol blue) had moved about 60 mm in t h e g e l . 
This usually takes about two and a half hour. 
Following e lec t rophores i s , the ge l s were immediately 
removed from the g l a s s tubes and a black nylon b r i s t l e was 
carefu l ly inser ted in t he middle of the brcMiiophenol blue band 
t o mark the tracking dye, which usual ly disappears during 
s ta in ing process. The ge l s were placed in the t e s t tubes 
containirjg the t e s t media as described for histoenzymological 
study, for 30 minutes at 37 + i°C. Controls were incubated 
without the subs t ra te . After incubation ge l s were rinsed i n 
d i s t i l l e d water and stored in 1% ace t ic acid. The ge ls with 
t h e i r cathodal end at t h e t op were photographed under 
t rans i l lu ra ina t ion , 
Densitc^etrvi 
For t he quan t i t a t i ve est imation of t he isoenzymes, ge l s 
wer^ scanned in the hor izonta l pos i t ion on a Systronics 
Densitometer, The unstained port ion of the gel below the 
marker was used as a blcnk t o se t t he instrument fo r 100^ 
t ransmiss ion. The isoenzymes were numbered as described by 
Webb (1964). 
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Enzvrne uni t t 
An enzyme uni t i s defined as t h a t anjount which okidised 
one/imole of N^H per minute uf^er t h e experimental cond i t ions . 
An ext inc t ion coef f ic ien t value of 6.22 at 340 ran for NADH was 
anpioyed for the ca l cu la t ion of the amount of NADH oxidised. 
Specific ac t iv i ty i s expressed as t h e number of enzyme u n i t s 
per mg, protein per h r . 
P ro te in est imation: 
Proteins of t he pa ras i t e s and host t i s s u e s were estimated 
according t o the method of Lowry jgt ^ , (1951) using bovine 
senm albumin as stand aid. 
C H A P T E R IV 
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H£bULTi» 
A, Normal enzyme act iv i ty^ 
The normal values of GLDH estimated in G, explanatian. 
l i v e r ; Q_, crumenlfer and rumen t i s s u e were found t o be: 
i .906 i 0.024, 0.813 + 0 .03i j 0.586 ± 0.006 and 
0.600 ;t, 0.018 ,umole/mg-protein/hour, r espec t ive ly . Therefore 
t h e highest enzyme leve l has been found in G. explanatum 
and the l i v e r t i s s u e . Table - 1. 
B. Kinetic s tud ies : 
The r e su l t s of t he k ine t ic parameters reveal t h a t the 
enzyme GLDH of the two pa ra s i t e s d i f f e r markedly from one 
another. In g, explanatum. the apparent Km value for <^-KGA 
was found t o be 2,12 mM while the Virnax was 9 .09. However, 
i n gi. crumenlfer t he Km value for CTC-KGA was 4.16 mM and Vtaax 
was 1.90. I t i s i n t e r e s t i n g t o find t h a t t he Km value in 
^ . crumenlfer i s much higher as compared t o G. explanatum. 
Whereas the value of Vhiax/Kro in G. crumenlfer i s qu i t e low 
(0 .46) as compared to Cj. explanatuip (4.28) as given i n 
Tabl© - I I , The double-reciprocal p lo t s of a c t i v i t y Vs 
6<:-ketoglutarate concentrat ion exhibi ted a hyperbolic 
(Michaelis-Menton) k i n e t i c s in both the pa ra s i t e s ( F i g . 3 , 4 ) . 
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TABLfc . I 
NoJraal ac t iv i ty of GiLDH in p a r a s i t e s and host t i s s u e s . 
PAR/\SIThSA^ST TISSUE 
SPECIFIC ACTIVITY* 
/jBioles NAOH oxidised/mg. p r o t e i n / 
h r . + SEM 
q^ci^ntocoty^g fxp l^a l t f i 
Liver 
Gestrothvlax crumenifer 
Rumen 
i .906 t 0.024 (5) 
0 .8 i0 + 0.03i (4) 
0.586 + 0.008 (4) 
0.600 + 0.018 (3) 
The enzyme ac t iv i ty was detexfuined with 7 mM«<»KGA at j ^ 8.0 
fo r 10 minutes. 
Figures in parentheses show number of r e p l i c c t e s . 
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TABLE . I I 
Kinet ic parameters of viLOH from trematodes of 3ubalus bubal i s . 
PABASITES \A8ax* Km*(niM) Vtoax/Km 
Giaantocotvle explanatum 9.09 2.12 4,28 
Gast iothvlax crutnenifer 1.90 4.16 0.46 
Values were estimated from LineweavexwBurk double rec iprocal 
p l o t s of sa tura t ion curves . 
Fig* 3 (A). Enzym* activity as a funetioii of substrata 
cone ant ration. 
(B). Ooubla raeiprooal plot of Linawaavax^uxk 
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C, Effect of PH; 
The enzyras reac t ions are highly pH dependent, t he re fo re 
GLDH ac t iv i ty of both the anphistoraes was assayed in buffers 
of d i f f e ren t pH range in order t o dctenaine the pH optima. 
The r e su l t s presented in the Table - I I I and Fig. 5, 
c l e a r l y explain t h a t maximum a c t i v i t y of GLDH in both, 
iS* explanatuffl as well as in Cji. crumenif^i'. was found t o be 
at pH 8.0, Triethanol anine hydrochloride buffer (pH 8 ,0 ) , 
was found t o be the most su i t ab le for enzyme a c t i v i t y . 
D. Effect of nucleot ides ; 
Nucleotides are the a l l o s t e r i c modulators which a lso 
inf luence the GLDH a c t i v i t y in both the trematodes understudy. 
The r e su l t s of t h e present inves t iga t ions are summarized 
in Fig. 6, which shows t h a t the enzyme of t he two amphistomes 
respond d i f fe ren t ly t o d i f f e ren t nuc leo t ides . The ADP caused 
s l i g h t enhancement, about 2 .8 percent , of the enzyme a c t i v i t y 
in ^ . explanatum whereas ATP was responsible for 98.1 percent 
i n h i b i t i o n in the enzyme a c t i v i t y of the l i v e r p a r a s i t e . In 
the presence of o ther nuc leo t ides , the GLOH a c t i v i t y was found 
to be at a lower level as compared to the normal. According 
t o t h e i r degree of i n h i b i t i o n , the various niKsleotides wero in 
the order of: 
AMP < UMP < GfAP < CMP < ATP 
TABLE - m 
Effect of pH on the QLDH activity. 
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PAR/^ITES 
G i a a n t o c o t v l « 
exDi anatum 
(?a^t;„^thy4a,^, 
crura©niter 
t 
pH 
6 . 0 
6 .5 
7 . 0 
7 . 4 
8 . 0 
8 .5 
9 . 0 
9 . 5 
6 . 0 
6 . 5 
7 . 0 
7 . 4 
8 . 0 
8 .5 
9 . 0 
9 . 5 
SPECIFIC ACTIVITY* 
/£noles/MADH o x i d i s e d / m g . -
p r o t e i n / h r . jh SEM 
0.590 
Q.7U 
i . 0 4 5 
1.069 
i . 3 i 3 
0.958 
0 .945 
0 .790 
0 . 0 7 i 
0.085 
0 .320 
0 .450 
0.536 
0.442 
0 .388 
0 . 2 4 i 
+ 0 .039 
± 0,010 
+ 0 . i 0 3 
+ 0 .081 
+ 0 .045 
+ 0 .066 
+ 0 . i i 3 
i 0 .216 
t 0 .034 
i 0 ,026 
+ 0 ,063 
± 0.112 
+ 0 .131 
t 0 .098 
t 0 .164 
t 0 .079 
Five replicates were assayed to detezroine the specific 
ac t iv i ty . 
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The GLDH of ^ , crunaenifer was act ivated by AZ/iP at i , 0 mM cone, 
and the a c t i v i t y was enhanced by about tv^ fo lds . The pyrimi-
dine nucleot ides , CMP and JMP, also caused s l i gh t s t imulat ion 
whereas ADP, ATP and GMP inh ib i t ed the enzyme but not t o a 
s ign i f i can t l eve l . The r e l a t i v e influence of these nucleot ides 
on the GLDH ac t iv i ty was found i n t h i s order: 
Ai«P y CMP y a/v\P y ATP y G/4P y ADP 
t . Effect of osmotic and ionic s t r e s ^ : 
In the present study, the two arajrfiistones were subjected 
to the osmotic and ionic s t r e s se s (hypotonic and hypertonic 
sa l ines ) in order to see the influence on the GLDH a c t i v i t y 
of G, explancituna and G, crumenifer. The enzyme a c t i v i t y 
obtained in the i sotonic sa l ine (100/*^ Tyrode) was considered 
as normal o r cont ro l . I t has been found t h a t the enzyine 
l eve l in the two pa ra s i t e s a f t e r two hours of incubation in 
normal sa l ine show decreased a c t i v i t y as conpared t o t he 
fresh p a r a s i t e s , 
^- oxolanatucq was found t o be very s ens i t i ve t o zero 
percent sal ine (double d i s t i l l a i wa te r ) . These worms were 
water logged and died within an hour a f t e r incubat ion. The 
enzyme ac t i v i t y detennined t he r ea f t e r , was found to be eriianced 
by 56 percent, whereas in G, crumenifer no water log i ing was 
was observed and the pa ras i t e s survived even a f t e r two hours of 
f ig , ?• Eff«et of 0811)0tie and ionic stress on ths GLOH 
^^ S* •xaly^atua and ^. cg^ lyR I^^ .ff^ . 
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incubat ion, but the enzyme a c t i v i t y decreased s l i g h t l y . In 
G. ^xolanatum. the hypotonic sa l ine decreased in t he l eve l of 
3LDH a c t i v i t y , whereas in G, cruinenifer t he c a t a l y t i c a c t i v i t y 
of GLDH was not influenced s i g n i f i c a n t l y . Fig. 7, I t has been 
found t h a t the GLDH of l i v e r t renatode i s also s e n s i t i v e t o 
hypertonic sa l ines in which the c a t a l y t i c a c t i v i t y inc 
while t he rumen trernatode shows s l i g h t l y increased a c t i v i t y 
only in 200 percent s a l i n e . Therefore, i t i s evident from the 
present r e su l t s tha t the hypo- as well as hyper tonac i t i e s cause 
a change in the GLDH a c t i v i t y of G. explanatutn, inhabi t ing 
l i v e r , v.hich maintains a more or l e s s constant envirorunent. 
Whereas in G. cruroenifer the enzyme a c t i v i t y f luc tua tes wi th in 
a narrow range, thereby indica t ing t h a t the GLDH of t h i s 
pa r a s i t e i s adapted t o changes in the ionic concentra t ions 
and osmotic pressures of the incubating media. 
F. Effect of amino acids : 
Certain amino acids have been found t o be osmotic a l ly 
important . I t was decided t o i nves t i ga t e t he effect of ccsino 
acids on GLDH ac t iv i t y which i s a lso influenced by t h e osmotic 
and ionic changes in the incubating media. Among the var ious 
amino acids, leuc ine , a lanine, p ro l ine , a rg in inc , glycine and 
glutaraine; only leucine (1 mM) increases t h e c a t a l y t i c a c t i v i t y 
of GLDH to 3,69 /amoles/rag-protein/hr. in ^ . explanatum. Thus, 
i t i s observed tha t the enzysiie a c t i v i t y i s increased about 
Fi9« 8. Eff«et of amino aeidt on tho QLOH of g, oxpianatun 
LiU » Ltueino, ALA » Alanint, Pf^ L « pxoXin«« 
Am a Airginino, Gi.Y » Glycino, OLU m Giutaraino. 
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two t o three folds . The o the r anino ac ids , in 1 mM concen-
t r a t i o n , do not a l t e r the enzyrae a c t i v i t y s i gn i f i c an t l y . Fig, 8. 
In G, cnanenifer the effect of asiiino ac ids , g lu tanine , g lyc ine , 
arginine ( 1 nM)t haidly produced any chancjie in the enzyme 
a c t i v i t y , but leucine , alanine and prol ine cause 187.7 percent , 
170,6 percent and 1x4.3 percent increase in GLDH a c t i v i t y , 
respec t ive ly , 
G. Effect of i n h i b i t o r s : 
The r e su l t s of the present study have been presented in 
Table IV-V. A number of chanical agents l i k e iodoace ta te , 
s«rdcarbazide hydrochloride, copper suljdiate end mercuric 
ch lo r ide are well known for t h e i r ca tabol ic inh ib i to ry 
e f fec t s in a var ie ty of organisms. 
In g, explanatum. the GLDH was completely inh ib i ted by 
iodoacetote (1 mM), semicaiibazide hydrochloride (1 niM) and 
copper sulphate (1 x 10 M ) . Mercuric chlor ide inh ib i ted t h e 
enzyme ac t i v i t y by 99,16 percent . Table - IV, Cycloheximide 
-.3 
(1 X 10 M), a known protein inhibitor did not inhibit the 
«-3 
enzyiae ac t iv i ty appreciably, Diethyldithiocarbajnate (1x10 M) 
inhib i ted 36% enzyrae a c t i v i t y . Sodium sulphate (1 x 10 M) and 
amnaoniifin sulphate ( 1 x 10 M) also caused pronounced i n h i b i t i o n in the GLDH ac t iv i ty by 37.6^ and 17.68% respec t ive ly , 
•2 Potassium cyanide (1 x 10 M) was also found t o inhib i ' 
enzyme ac t iv i ty by 40,55 percent (Table - IV), 
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TABLE - IV 
Ef fec t of i n h i b i t o r s on t h e a c t i v i t y of uLDH i n G. exoianatum. 
IwHISiTOHS i>PECIFIC ACTIVITY 
umoi es /mg-pro t e i n / h r , 
± SEM 
PhiCe^T 
INHIBITION 
i . 
2 . 
3 . 
4 . 
5 . 
6 . 
7 . 
8 . 
9 . 
Cycloheximide 
l o d o a c e t d t a 
D i e t h y l d i t h i o -
carbarnat© (QDC) 
Potassium cyan ide 
Seinicaibdzide 
hydroch lo r ide 
AnsnoniiwRn s u l p h a t e 
Sodium ^ I p h a t e 
Mercur ic c h l o r i d e 
Copper su lpha t e 
1.866 + 0 .318 
1.217 t 0 .163 
0 .773 i 0.112 
1.569 +; 0 .098 
1.189 + 0 .201 
0.016 + 0 ,003 
(4 ) 
(3 ) 
( 4 ) 
(4) 
( 3 ) 
( 4 ) 
( 4 ) 
( 4 ) 
( 3 ) 
m. 
-
-
-
-
-
-
«w 
-
002 .10 
100.00 
36.02 
0 . 3 5 
100.00 
17.68 
37 .62 
99 .16 
100.00 
F i g u r e s i n pa ren these s i n d i c a t e t h e number of r e p l i c a t e s . 
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TABLE - V 
Effect of i nh ib i t o r s on the a c t i v i t y of GLDH in ij, ciumenifer. 
INI 
i . 
2 . 
3 . 
4 . 
5 . 
6 . 
7 . 
8 . 
9 . 
HiSITOHS 
Cyciohexiffiide 
I o d o a c e t a t e 
D i e t h y i d i t h i o -
CGibanate (DDC) 
Potassium cyanide 
Semicazbazide 
hydroch lo r ide 
Aiimonium s u l f ^ a t e 
Sodium s u i f ^ a t e 
Mercuric c h l o r i d e 
Copper 8uli:^ate 
iAPEGIFIG ACTIVITY 
jurnjol es /mg-pro t e in 
0 .350 t O . i l i 
0 .014 ± 0 .009 
0.326 t 0 .039 
0.225 + 0 .102 
0.014 i 0 .10 
0.350 +. 0.079 
0,536 + 0 .137 
— ' 
/ h r . 
( 4 ) 
( 4 ) 
( 4 ) 
( 4 ) 
(3 ) 
( 4 ) 
( 4 ) 
( 3 ) 
( 3 ) 
PbRCiJ4T 
INHIBITION 
- 06 .15 
- 97.60 
- 5 4 . 4 0 
- 6 1 . 6 1 
- 97 .61 
- 40 .27 
- 0 8 . 5 3 
" 100.00 
- 100 .00 
Figures in parentheses ind ica te t h e number of r e p l i c a t e s . 
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The same concentrat ion ( i mM) of iodoacetate which 
inh ib i ted the enzyme a c t i v i t y completely in G, explanation. 
caused 97.6 percent i nh ib i t i on in GLDH of G. cramenifer. 
—3 
Whereas mercuric chloride (1 x 10 M) and copper sulphate 
-•2 (1 X 10 M) inhibi ted the enzyme completely (Table - V). 
—3 Addition of seraicaibazide hydrochloride (1 x 10 M) to the 
assay mixture stopped t h e enzyme a c t i v i t y by 97,61 percent . 
I t was found to be i n t e r e s t i n g t h a t the sulfrfiahydryl reagent, 
—3 diethyldi thiocorbamate ( 1 x 10 M) caused only 54,4 percent 
—3 l o s s in enzyme a c t i v i t y . Cycloheximide (1 x 10 M) and 
—2 
sodium sulphate (1 x 10 M) caused l e a s t i n h i b i t i o n , 6,15 
percent and 8.53 percent respec t ive ly , whereas the i n h i b i t i o n 
due t o aBmoniura sulphate was only 40,0 percent . Potassium 
cyanide also inhibi ted 61.0 percent of t he enzyme a c t i v i t y 
(Table - V). 
From t h i s study i t i s evident t ha t the enzyme molecules 
respond d i f fe ren t ly to d i f f e ren t chemical agents and a lso t he 
s imi l a r anions of d i f f e ren t s a l t s produce varying degree of 
i nh ib i t i on in the enzyme a c t i v i t y , 
H. Ht§t9cnffi]^ JLff$l ^4s1^ri>?4^ign 9f ^m 
Histochonical d i s t r i b u t i o n of t h i s enzyme was studied 
in d i f ferent regions of the trematodes under study. The 
forraezan deposi ts have been found i n d i f fe ren t concentra t ions 
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T/^Lfc » VI 
Histochemical l o c a l i s a t i o n of GLOH, 
ORGANS 
PARASITES 
G, explanatum G, c rumenl fe r 
Tegument 
Sub-tegument 
Ora l sucker 
I n t e s t i n a l caecae 
Vi tGi l a r i a 
Ventra l pouch 
a) Inner lining 
b) Outer lining 
Testes 
Ovar i e s 
U t e r i n e tub« 
Egg-she l l 
Acetabuluai 
+ "H-
++> 
+ 
+ 
+ 
+ 
•H-+ 
+ : Low; + • ; Moderate; -H-fj I n t e n s e ; 
- : Negativft. 
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i n d i f ferent regions of the pe re s i t e s showing the d i f f e r e n t i a l 
a c t i v i t y of t h i s e n z ^ e . The r e s u l t s of t h i s study have been 
presented in P la te - is Fig, i - 4 ; P l a t e - 2; Fig. l -4 j and 
Table - VI. 
In G. explanatuta.aaxiaijn enzyme a c t i / i t y was fouiid in 
v i t e l l a r L a followed by ora l ouckcr and egg-she l l . In o the r 
regions t he enzyme a c t i v i t y uas moderately present except i n 
the i n t e s t i n a l caecae where foimazan deposi ts were t o t a l l y 
absent. In ventral sucker, the s t a in was only present i n t he 
ou te r acetabular l i n i r ^ showing weak a c t i v i t y of QLDH in t h i s 
region (P l a t e - 1: Fig. 1-4). 
The enzyrne in ^ . CJ^utaenifer exhibited strong a c t i v i t y 
in v i t e l l a r i a , i n t e s t i n a l ceecse, egg-she l l , ora l sucker and 
sub-tegumental region, whereas the enzyme a c t i v i t y i s weak in 
p o s t e r i o r sucker and u te r ine tube . Only the minner l i n ing of 
the acetabulum shows moderate l o c a l i z a t i o n of t h e GLOH 
( P l a t e - 2 : Fig. i « 4 ) . 
I . a^ff-^r9PhgT?-^j,<? fflqt>4JL4tY 9f ^^QH* 
Variation in t h e e lec t rophore t ic mobil i ty of various 
isoenzymes of GLDH have been found in both, the pa ra s i t e s as 
well as the host t i s s u e s (Fig , 9s a -d) . The scanning of poiy-
acrylanide gels reveal tha t the GLDH of G. ex plana turn c l e a r l y 
shows 6 components of varying mobil i ty whereas in G.cnHcenifer 
Plat« • X. Histoehtraieal Xocalitation of GLQH in 
OS. « Oral sueker, Qp, » Qonopore, Tg. * Tegument, 
Ut* » Uterus, Vit. « Viteilerla, Ts. » Testis, 
l e . » Intestinal caeeae, Es. « Egg-shell, 
Vs. n Ventral sucker, Ts, » Testes, Al. » Aceta-
bular lining. Magnificationi X 50. 

Pi«l« • 2. Hlttochflraical io6«IiiatJLon of GUM in 
St* etmmiUt, (Fig* XM)m 
0«, • Oral sucker, Tg«» Tegusient, S,T9* « Sub* 
t«guB)tnfc, ?«• •> Ptxvnehyaa, E«, • E9g<**«h«ll, 
(it, « Ut«rin« tab; Ov. • Ovary* I6« » Intestinai 
c««ea«, Vit, a Vitttllazi*, Ts, « T«stis, 
Vi. • Vwntral suektr, Al* » Ae«talMl«r lining, 
pH, « Poueh* Magnificationt X 90» 
i a -
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there were only 5 bdnds. The xumen and l i v e r ^SLXAi was resolved 
In five components each v;ith varying degree of mobility and 
stain intensi ty . Thus the ph^ioaenon of polymorphism i s 
exhibited by the GiLOH of both the parasi tes as well as "Uieir 
host t i ssues understudy. 
Fig. 9. Eloctxophoretlc mobility of (SLOH of ^. tBil flWtfltti (^)* 
liyr (B), a. ffgtffflfy>lfty (C) and zunM (D). 
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DlbCUSblON 
The r e s u l t s of the present study reveal t h a t t he 
glutamate dehydrogenase i s present i n both the araphistorae 
species understudy and also ca t a ly se the reductive aa ina t ion 
of <<.-ketoglutarate (c<:-KGA) ac t ive ly in the pres^ ice of 
aaiQonium ions and NADH. 
The r e su l t s presented in the Table - 1 i nd i ca t e s t h a t 
t he a c t i v i t y of GLDH var i e s g rea t ly from each o the r in 
d i f fe ren t pa ras i t e s as well as in host t i s s u e s . In 
G. explanatum. the enzyme a c t i v i t y was found t o be t he h ighes t , 
even higher than the l i v e r of the hos t . These r e s u l t s are in 
agreanent with the f indings reported by Krvavica gt^ ^ , (1967) 
fo r £, hepatic a. However, the enzyme a c t i v i t y was found much 
lower in ^, crumenifer which inhab i t s runien although rumen has 
been reported to contain very l a rge q u a n t i t i e s of free ananonia 
due t o the ac t iv i ty of intre-zximenal f l o r a and high concent ra-
t i o n of CO2. The present r e s u l t s are also ccwipatible with the 
f indings of Krvavica e;^ j i , . (1967) with Paraoc^istcanuta c e r v i 
which also i n h ^ i t s the rumen. Therefore, t he pa ras i t e s found 
in d i f fe ren t organs of the sarae host show d i f fe ren t metabolic 
a c t i v i t i e s . 
Liver i s a hab i t a t where b i l e and b i l e s a l t s play an 
important role i n maintaining the hydrogen ion concent ra t ion 
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of the medium and t h e j*l i s found t o be a lka l ine whereas in 
rumen the pH i s s l i g h t l y ac id ic . However, the pH optima of 
t h i s enzyme in both the pa ras i t e s was found t o be 8 .0 , as 
Imported e a r l i e r f o r another p a r a s i t e , H. cu lber t soni (Rao and 
Hussin, 1979). Schmidt (1974) a lso reported maximum enzyme 
a c t i v i t y at pH 8.0 in human serum. Mustafa et, a ,^. (1978) 
have emphasised tha t the GLDH a c t i v i t y in H, diminuta at 
d i f f e r en t assay pH subs t an t i a l l y modify <?C-ketoglutarat« 
binding and decreasing the assay ^ favours NAOH oxidat ion 
by lowering the Michaelis c o n s t a i t (Km) va lues . Thus, the 
d i f ference in t he pH of t he h a b i t a t may be a t t r i bu ted as one 
of t he fac tor influencing the enzyme a c t i v i t y in d i f f e ren t 
pa ra s i t e s of tha t micro environment. 
The low Km, high Vinax and Vmax/Kra values for oC-KGA 
i n S. exolanatum c l e a r l y show t h a t t he enzyme i s highly ac t ive 
in t h e l i v e r trematode whereas in G. crumenifer t he Km value 
was found to be much higher , thereby showing lower Vluax and 
\teax/Km values. The k ine t i c s of OLDH of the two amphistomes 
d i f f e r markedly frwu GLl>H pur i f ied from H, diminuta (Mjstafa 
SL^»* J-9"'^) which i s found, a l toge ther , in a d i f f e ren t h a b i t a t , 
i . e . , i n t e s t i n e , where physiological condi t ions are also 
d i f f e r e n t frcxo t h a t of l i v e r as well as zumen. 
As far as coenzyme spec i f i c i t y i s concerned, the 
aujdiistoroe GLDH show s ing le coenzyme spec i f i c i t y for NAD(H) 
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as addition of 0 ,2 mM J#'*.DP(H) in assay nsixture stops the enzyme 
a c t i v i t y completely. Therefore, NADH i s the preferred coenzyme. 
The amphistome GLDH d i f f e r raorkediy from t he enzyme i so la ted from 
mansnaJLian sources (F i i e Jen , i959a, i959b), for e ample, the r a t 
l i v e r GLDH shows l i t t l e coenzyme spec i f i c i t y and functions 
with e i t h e r NAD(H) o r NKDP(H) whereas the GLDH of H, diminuta 
was found to be speci f ic for NM)H (Mustafa ^ . g ^ , 1978). 
The influence of purine and pyrimidine nuc leo t ides on 
the ac t i v i t y of GLDH of G. explanatuaa and ^ , crumenifer vaiy 
from one another remarkat)ly. The a l l o s t e r i c modifier, ADP, 
increases the enzyme a c t i v i t y in G. explanatum. whereas AMP, 
UMF, GMP, CA4P and ATP produced s ign i f i can t i nh ib i to ry e f fec t s 
on t h e enzyme under specified assay condi t ions . The ATP 
produces most pronounced inh ib i to ry e f f ec t s . The sasie 
concentra t ion of these nucleot ides does not produce s i g n i f i -
cant changes except AMP vrfiich has caused about two fold 
increase in the GLQH of G, cn«nenifer. However, t he o the r 
nuc leo t ides , AOP, ATP and GMP have been found t o produce s l i g h t 
i n h i b i t i o n of enzyme of the rumen t roDatodt , 
The r a t l i v e r GLDH i s inhibi ted by GTP, ATP and 
ac t iva ted by ADP (Smith ^ J i . . , 1975). Thus the enzyme of 
l i v e r trematode behaveslike the mamiiialian l i v e r GLDH in 
response t o nucleot ides . In con t ra s t t h e H. diminuta GLDH 
was not affected by i mM AMP, ADP, ATP, IDP, GDP o r GTP 
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(Mustafa ej^ Ji . . t 1978), The concentrat ion of these nucleo-
t i d e s for H,. diminuta appear t o be physiological ly s i gn i f i c an t 
as Bar re t t and Beis (1973) have calcula ted nucleotide concen-
t r a t i o n s for H. diminuta t o be in the order of 0.29-1.57 jumoles/ 
g-fresh weight. The enzyme of H. contor tus i s said to be 
inh ib i t ed by A/AP, AOP, ATP, aspar ta te and thyroxine ( B a r r e t t , 
1981). But contrary t o t h i s , AMP stimulated t h e enzyme 
a c t i v i t y in ^ . cruoienifer whereas i t produced inh ib i to ry 
e f f ec t s in G. eXDlanatiaa in the present study. 
The osrnotic and ionic stxress s tud ies reveal t h a t \A.iien 
p a r a s i t e s are removed from t h e i r respect ive microenviixjrsaents 
and incubated for a fixed period of two hours i n d i f fe ren t 
concent rs t ions of s a l i ne s of d i f fe ren t osmole r i t i e s , the GLDH 
exh ib i t varying degree of a c t i v i t y . The two aDi*»istomes do not 
behave in a s imi lar manner as f a r as the effect of osmotic and 
ion ic s t r e s s on GLDH a c t i v i t y i s corMsemed. G, explanatum has 
been found t o be s ens i t i ve to hypotonic medit^n in which enzyme 
a c t i v i t y was decreased whereas the c a t a l y t i c a c t i v i t y increased 
in hypertonic sa l ine . In double d i s t i l l e d water, the p a r a s i t e s 
are water-logged and died within an hour and the GLDH a c t i v i t y 
was found to be the h ighes t when estimated in the dead p a r a s i t e s 
a f t e r one hour of incubat ion. The increased c a t a l y t i c a c t i v i t y 
in hypertonic sa l ine might increase the glutaraate formation at 
the i n t r a c e l l u l a r level and the glutamate, thus synthesized 
would u l t imate ly serve as a precursor for various b iosynthe t ic 
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processes. Since the f lukes of ^ , explanatuc^ inhabi t t h e b i l e 
duct where they remain i n a more or l e s s constant enviioninent, 
the re fore , when they are exposed t o any osmotic or ionic 
s t r e s s , the GLIM a c t i v i t y changes g rea t ly . 
The r e su l t s of t he osmotic and ionic s t r e s s s tud ies 
presented i n Fig. - 7 shows t h a t the c a t a l y t i c a c t i v i t y of 
GLDH of G, crutnenifer i s not influenced remarkd&ly by hypo-
tonic o r hypertonic s a l i ne s when compared with the a c t i v i t y in 
i so ton ic medium. In hypotonic medium (75^) the a c t i v i t y was 
inh ib i ted by only 8;^ and s l i g h t l y stimulated in 2Q0% s a l i ne 
but no d e f i n i t e pa t tern of the enzyme a c t i v i t y i s seen in 
various s a l i n i t i e s . Inf ac t , GLDH a c t i v i t y was observed t o 
f l uc tua t e in a very narrow range. 
Since § . caxiroenlfer i n vivo i s exposed to more or l e s s 
cons tant ly changing microenvixonment as f a r as ionic concen-
t r a t i o n s and osmoior i t ies are concerned in the rumen. The 
enonnous quan t i t i e s of food in t he rumen, high a c t i v i t y of t h e 
intra-rum en al f lora and in take of plenty of water causes more 
o r l e s s contimjous change i n the lumen environment. Therefore 
f luc tua t ions of G, c runeni fer GLDH a c t i v i t y in a narrow range 
due t o osmotic and ionic s t r e s s may be considered as an example 
of p a r a s i t i c adaptation at the enzymatic leve l and i t may a l so 
be infer red t h a t the microenvironment in which t h e pa ra s i t e s 
l i v e , g rea t ly influence t h e biochenical as well as physiological 
a c t i v i t y of the pa r a s i t e s . 
59 
No previous report i s avai lable on t he e f fec t s of 
osmotic and ionic s t r e s s s tud ies on the GLDH a c t i v i t y in 
helminths. However the r e s u l t s of the present study on GLDH 
of t h e two aiiphistomes resenjbie t h a t of the r e s u l t s reported 
fo r an euryhaiine c ius tacea (Florkin and Schoffeniels , 1969), 
There are several anino acids which are osnxstically 
and ionic a l ly important as they regula te i n t r s - c e l l u l a r 
osmotic aiKi ionic balance. The most important from t h i s 
aspect are leucine , a lanine, p ro l ine , g lycine, arginine and 
glutamine e t c . Any increase in t h e concentrat ion of glutarndte 
due t o enhanced a c t i v i t y of GLDH, ivould u l t imate ly increase 
the o ther amino acids output as i t has been observed in 
Cr i t h id i a oncopeltl w*iich ccanverts glutamic acid for the 
synthesis of twelve amino ac ids , espec ia l ly arginine and 
pro l ine (von Brand, 1973). 
In the present study various amino ac ids , most notably 
l o j c i n e grea t ly ac t iva tes t he OLIM a c t i v i t y in Q. explanatuga 
by 93.4 percent whereas o the r amino ac ids , v i z : a lanine , 
proli iw and glycine caused s l igh t i nh ib i t i on of enzyme a c t i v i t y 
which i s s t i l l Icwer in presence of arginine and glutaffline. 
The low a l t e r a t i ons of the enzyme a c t i v i t y i n presence of 
these amino acids may be a t t r ibu ted t o the fact t h a t the 
p a r a s i t e s l i v e in a nu t r i en t r ich envixorsnent aid the re fo re , 
t h e i r enzyme might be adapted for l i t t l e va r i a t ions in the 
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concentrat ion of n u t r i e n t s but the st imulatory ro le of leucine 
may also be considered as physiological ly important and 
fu r the r s tudies are required on t h i s aspect . 
The presence of 1 mM leuc ine , alanine and prol ine in 
t h e assay mixtures also s t imula tes the GLDH a c t i v i t y in 
il» crumenifer in the following ozder: leuc ine alanine 
p ro l ine . The other th ree amino ac ids , arginine , glycine 
and glutaraine, do not influence t he enzyme a c t i v i t y s i g n i f i -
can t l y . 
The end product of ni t rogen metabolisia, i . e . , p ro l ine , 
for which glutaraate also ac ts as a precursor, i s excreted by 
l i v e r f luke, £ . heoatica in la rge amounts (20«50 ^raoles/day/ 
Vb-orra) and in £. q i aan t l ca as reported by Isseroff (1980) and 
Lutz and Siddiqi (1971) respec t ive ly . The increased prol ine 
in the infected l i v e r / b i l e may be due t o the high ac t iv i ty of 
GLDH of the p a r a s i t e s . Thus i t may also be assumed t h a t GLDH 
i n d i r e c t l y helps the pa r a s i t e t o e s t ab l i sh the host pa ras i t* 
r e l a t i onsh ip as t h i s amino acid has been found t o cause b i l e 
duct hyperplasia , thereby making ample room for t h e developing 
f lukes . The leucine has been found as a potent a c t i v a t o r of 
•Uie enzyme i n both t he p a r a s i t e s . Similarly leuc ine ac t iva t e s 
the GLDH a c t i v i t y of sonicated ra t l i v e r mitochondria (^^Givan 
SX^'t -^973), but de ta i led physiological study i s required t o 
understand the effect of leuc ine i n r e l a t ion t o t he ro le of 
QLUM, 
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I t has been found t h a t the GLDH a c t i v i t y i s influenced 
by a bewildering array of chemical ccwipounds. The GLDH of 
both the amphistomes appear t o be sens i t i ve t o d i f f e ren t 
chemical agents used in the present study, lododcetate^ 
semicarbazide hydrochloride and copper su l^ ia te inh ib i ted 
100 percent enzyme a c t i v i t y of G. explanatum where as in 
S« crutnenifer. complete i nh ib i t i on of the enzyme a c t i v i t y 
was observed in the presence of copper and mercury ions only 
and iodoacetate and seraicarbazide bring about 97 percent 
i nh ib i t i on of the e n z ^ e a c t i v i t y . Inh ib i t ion of t h e GLDH 
in both the pa ra s i t e s may be due t o the presence of -SH 
groups in the e n z ^ e pro te in as suggested by Olson and Anfinson 
(1963) in the case of c r y s t a l l i n e beef l i v e r enzyrae. Another 
compound, diethyldithiocerbaojate, containing sulpha-hydryl 
group, also inh ib i ted the enzyme a c t i v i t y of both the pa ra s i t e s 
but t h e inh ib i t ion i s s l i g h t l y more pronounced i n rumen trema-
tode , Cycloheximide, causes very in s ign i f i can t decrease in 
GLDH ac t iv i t y of Cj. expl anatum as well as G. crumenifer. 
Potassium cyanide at 1 x 10 M concentrat ion has been found 
more inimical to the n«nen trematode than the l i v e r t r a a a t o d e . 
/\raoK>nium sulphate and sodium sulphate also i n h i b i t t he enzyme 
a c t i v i t y in both the amp^istoraes. Therefore, i t can be 
suxmized t h a t the enzyme molecules from d i f fe ren t p a r a s i t i c 
species belonging t o t he same group, respond d i f f e r en t ly t o 
various chemical reagents and the r e s u l t s of t h i s study show 
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t h a t ca t ionic spec i f i c i ty and anionic efficiency are d i f f e ren t 
accoDding t o the o r ig in of t he enzyme. This i s roost l i k e l y 
coriesponds to the differerwes i n s t r uc tu r e of t h e enzyrae 
p ro te ins and suggests the poss ible exis tance of isoenzymes. 
The d i f f e r e n t i a l d i s t r i b u t i o n of enzyme a c t i v i t y in the 
two pa ra s i t e s has been found t o show va r i a t ion , V i t e l l a r i a 
are t h e s i t e of ac t ive prote in raetabolism vvhere the GLDH 
a c t i v i t y i s strongly present i n both the amfrfiistocnes. The 
o the r regions which show in tense to moderate enzyme a c t i v i t y 
i n ^ . eXDlanatum are egg-shel l , o ra l sucker and gonopore 
whereas t he acetabular l i n i n g , tegument and parenchymatous 
t i s s u e exhibi t low enzyrae a c t i v i t y while the enzyme i s t o t a l l y 
absent in the i n t e s t i n a l caecae. However in (j. crumenifer. 
the in tense enzyme reac t ion was observed in sub»tegumentdl 
region, i n t e s t i n a l caecae and v i t e l l a r i a , ind ica t ing high 
r a t e of c a t a l y t i c a c t i v i t y of GLOH in these organs. Oral 
sucker also shows strong s ta in ing whereas the inner ace tabular 
l i n i n g shows the moderate reac t ion . The high a c t i v i t y in ora l 
sucker and siis-tegument may be due t o t h e fact t h a t the 
p a r a s i t e s are in d i r e c t contact with t h e high concentra t ion 
of ainnonia, thus cmraonium ions are freely avai lable t o the 
p a r a s i t e s for the synthesis of various important nitrogenous 
COTBpounds. Therefore, the c a t a l y t i c a c t i v i t y of GLDH in the 
above t i s s u e s i s also high. The present study also makes i t 
c l e a r t h a t an enzyme may be ubiqui tously d i s t r i bu t ed but i t s 
a c t i v i t y vary in d i f fe ren t regions. 
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The difference i n the ^ t i v i t y of GLDH of the tvyo 
treraatodes in the present study may also be due t o the presence 
of d i f ferent isoenzymes. The e lec t rophore t i c study has confirmed 
t h i s assumption and t h e isoenzyme p ro f i l e of t he p a r a s i t e s and 
lK>8t t i s s u e s show difference in t h e i r e lec t rophore t ic mobi l i ty . 
In G, explanatiffia* t he GLDH has been resolved in to s ix compo-
nents of varying degree of e lec t rophore t ic oiobility whereas 
in G. ciumenifer. f ive isoenzymes have been found. The host 
t i s s u e , l i v e r and luraen, GLDH has been found t o have f ive 
isoenzymes, each of which exhibits difference in t h e r e l a t i v e 
mobil i ty on polyacrylanide ge l . 
Therefore, i t can be concluded froji the present study 
t h a t the GLDH i s an ac t ive enzyrae i n t he pa ra s i t e s of buffa lo . 
The enzyme response t o d i f f e ren t ac t iva to r s or i n h i b i t o r s also 
vary according t o the o r ig in of enzyme. This offers an i n t e r e s -
t i n g inference tha t the pa ra s i t e s of d i f fe ren t hab i t a t possess 
d i f f e r en t isoenzymes of GLDH, The dif ference in the a c t i v i t y 
eni t he isoenzyme pa t t e rn i s a c l e a r ind ica t ion tha t the 
enzymes are also adapted t o t h e i r micro environment upto a 
c e r t a i n extent and t h i s of fers an example of p a r a s i t i c adapta-
t i o n at the biochemical l e v e l . 
C H A P T E R VI 
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The present d i s s e r t a t i o n dea ls with the s tud ies on t h e 
glutamate dehydrogenase of some d igenet ic t r^na todes . 
Gi^ q antocotvle expl anatug^ from i i v e r and Gastrothvlax 
ciumenifer from rumen, belonging t o the family paraoiphistomatidae 
(Fischoeder, 1901) were selected in o ide r to cha rac te r i ze the 
na ture of t h i s enzyme by studying d i f f e ren t icinetic p roper t i e s 
and i t s possible ro le i n the metabolism of treniatodes. 
I t has been found t h a t t he level of enzyme a c t i v i t y in 
t he pa ra s i t e and host t i s s u e occur i n the order of: 
G, explanaturoN i i v e r t i s s u e ^ rumen t i s s u e ^ G, ciumenifer» 
The higher ac t iv i ty of GLDH in g, exolanatum c l e a r l y i nd ica t e s 
t h a t the enzyme i s responsible for t he reductive araination of 
-ke tog lu t a r a t e ac t ive ly and thus synthesizes gluteroate at a 
f a s t e r r a t e than in G, crumenifer. 
The kinet ic behaviour of GLDH of the two amphistome 
p a r a s i t e s show stxae d i f fe rences as well as some s i m i l a r i t i e s . 
The NAD(H) specific GLDH of the two pa ra s i t e s show v a r i a t i o n i n 
t h e i r Michaelis constant values for , /C-ketoglutarate (^C-KGA). 
The Km values for <<-KGA in G. exol anatum and G. crumenifer 
were found to be in the order of 2.12 mM and 4.16 mM respec-
t i v e l y . 
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The F« optima for maximum a c t i v i t y of GLDH in both the 
acDj^istomes was deteimined. I t was observed that the enzyme 
exh ib i t s maximum a c t i v i t y at pH 8.0 in both the trernatodes. 
Nucleotides, the a l l ^ s t e r i c modifiers also influence 
the GLOH of the anF^istomes, Similar t o the mammalian enzyme, 
t he QLDH of Q. explanatum i s s l i ^ t l y stimulated by ADP whereas 
Af/iP, GMP, CMP and UMP produce i rdi ibi tory e f f ec t s . 
In G, crumenifer only AMP s t imula tes the enzyme a c t i v i t y 
by two folds whereas o t h e r nucleot ides do not produce s i g n i f i -
cant a l t e r a t i o n in the enzyme a c t i v i t y . 
The effect of osmotic and ionic s t r e s s on the GLDH 
a c t i v i t y has also been studied i n the two p a r a s i t e s . I t was 
observed th^it the enzyme in both the pa ra s i t e s respond differv-
ent ly to the changing ionic concentra t ions end o s n o l a r i t i e s of 
t he incubating media. In hypotonic media except 0% s a l i n e 
(double d i s t i l l e d water ) , th« enzyme a c t i v i t y i s retarded in 
S» eXDlanetufp whereas in v^ , cruroenifey no ranazkable change 
was observed when compared with the a c t i v i t y in i so tonic s a l i ne 
(iCX:)% Tyrode), However, in hypertonic media, t he c a t a l y t i c 
a c t i v i t y of GLVH i s accelerated in G, exolanatum but s l i gh t 
s t imulat ion was observed in G. crumenifer. only in 200 percent 
s a l i n e . The difference in GLDH leve l during osmotic and ion ic 
s t r e s s may be a t t r ibu ted to the fact t h a t these trernatodes 
occupy two di f ferent h a b i t a t s which e n t i r e l y d i f f e r from one 
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another in t h e i r ecoj^iysioiogical condi t ions . Therefore, i t 
may also be conciuded t h a t t h e raicrohabitats exezt an in f lue ixe 
on the pa ras i t e roetabolisni. In G, crumenifer the narrow range 
of f luc tua t ion in the enzyme a c t i v i t y exhibits an enoiraous 
adaptive f l e x i b i l i t y in the continuously changing osniotic 
condi t ions . 
The nu t r i t i ona l condi t ions of t h e hab i ta t may also 
inf luence the raetttoolic a c t i v i t i e s of t he p a r a s i t e s . Therefore, 
var ious andno acids have also been found t o exert a change 
in the GLDH ac t iv i ty of t he tv^o amphistones understudy. Among 
the various araino ac ids , leucine ac t iva t e s the GLDH in both 
the p a r a s i t e s . Whereas in G. explanatuta. t he enzyme vjas 
ins igni f icaf i t ly influenced by a lanine , p ro l ine , arginine and 
g lyc ine . However, g lu t amine was found t o produce 40 percent 
i n h i b i t i o n of the enzyme a c t i v i t y in t h i s p a r a s i t e . The low 
a l t e r a t i o n in the QLDH a c t i v i t y may be due t o the fact t h a t 
t h e l i v e r pa ras i t e s occupy a n u t r i t i o n a l l y r ich h a b i t a t and 
therefoire, the enzyme may be adapted for l i t t l e v a r i a t i o n s in 
t he nu t r i t i ona l s ta tus of t h e i r surrounding micro environment. 
Besides l euc ine , prol ine and alanine also stimulated 
t h e GLtM ac t iv i ty i n G. crumenifer. However, a rg in ine , <3lycine 
and glutamine do not influence the enzyme a c t i v i t y appreciably. 
Therefore, i t can be concluded from the present study t h a t the 
ro l e of these anino acids and more p a r t i c u l a r l y of l euc ine , i s 
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physiological ly important in r e l a t i o n to GLDH a c t i v i t y in t h e 
p a r a s i t e s and need fu r the r s tud ie s . 
Various metabolic i n h i b i t o r s have been found t o produce 
d i f f e r en t degree of i n h i b i t i o n in the GLDH a c t i v i t y of the two 
anphistoroes. The d i f ferences in s e n s i t i v i t y towards the 
metabolic i nh ib i to r s may be coixelated to the o r ig in of enzyme 
from two d i f fe ren t spec ies . lodoace ta te , semicaibazide 
hydrochloride and copper a i lphato inhib i ted the enzyme a c t i v i t y 
COTipletely in ^ , exol anatum whereas in ^ . cyumer^ife^ the 
ccwnplete inh ib i t ion was observed only in presence of mercury 
and copper ions . Other compounds l i k e potassium cyanide, 
sodium su l j^a te and ammonium sulphate produce inh ib i to ry 
e f f ec t s on the uLDH a c t i v i t y in both the p a r a s i t e s . Cyclohexi-
mide i s a well known i n h i b i t o r of pro te in synthes is but t h i s 
compound does not produce any s ign i f i can t i r ^ i b i t i o n . 
The r e su l t s of histochemical l o c a l i s a t i o n of GLOH a lso 
i n d i c a t e the d i f f e r e n t i a l d i s t r i b u t i o n of t h e c a t a l y t i c a c t i v i t y 
of t h i s enzyme in various regions of the two p a r a s i t e s . High 
GLDH a c t i v i t y was observed in v i t e l l a i l a and egg-shel l i n both 
the p a r a s i t e s . In G. explanattga. t he enzyme a c t i v i t y i s t o t a l l y 
absent in i n t e s t i n a l caecae while in rumen trematode in t ense 
a c t i / i t y of the enzyme was observed. The tegumental and sub-
tegumental regions of ^ . crumeni^fey show high a c t i v i t y of GLDH 
whereas in l i v e r trematode low enzyme a c t i v i t y was observed. 
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Such differences may also be a t t r ibu ted t o the consequences of 
l i v i n g in two d i f fe ren t h a b i t a t s . 
The eiectroj^joretic s tud ies have shown t h a t the j*ieno-
menon of polymorphism e x i s t s in the GLDK of t h e p a r a s i t e s . 
Hie enzyme from g, exolanatum has been resolved in to s ix 
components whereas the enzyme of G. cixunenifer shows five 
zones, each ident i f ied as a separate isoenzyme. The isoenzymes 
of t h e GLDH of p a r a s i t e s also d i f f e r from t h a t of the host 
enzyme in t h e i r e lectxophoret ic mobility* Therefore, i t can 
be concluded that t he OLDH of the two trffiuatodes which belong 
t o t h e same taxonomic group show in t r a spec i f i c va r i a t i on as 
well as from the hos t . 
Therefore, the s i m i l a r i t i e s found in t he nature of 
GLDH of the two pa ra s i t e s naey be due t o the fact t h a t t h e 
t r ana todes understudy belong t o the same taxcmcxnic group but 
va r i a t i on i n the k ine t i c p roper t i es may be because of the 
d i f fe rences in the physico-chemical na ture of t he micro-
en vironraents. 
69 
Bair, T.O. and Peters, M. (1971). Osmoregulation in th« 
treoidtode Haematol(;>echus, medioplexua (Looss). 
Sasm- Usshm- sh^MaL- 2^24i i65-i7i. 
Barrett, J. (1981). Biochemistry of parasitic helminths. 
M«:Millan Publishers Ltd., London and Basingstoke. 
Barrett, J. and Beis, I. (1973). The redox state of free 
nicotinamide adenine dinucleotide couple in the 
cytoplasm and mitochondria of muscle tissue from 
Aftffffjyjlf, ^OT l^4g94<iyff (Nematode). QSMM. SJjiShm-
Phvsiol. M/L* 331-340. 
Caxzulo, J .J . , Juan, S.M. and ^egura, E.L. (1979). 
Trypanosoma cruai. NAD-linked glutamate dehydrogenase 
partial purification and some properties. Comp. 
gifiSkflSL- mL^^' &&i 129*131. 
Chappell, L.H. (1980). Physiology of Parasites. Blackie, 
Glasgow and London. 
Cox, F.E.G. (1982). Modem Parasitology, A text book of 
parasitology, Blaekwell Scientific Publications, 
Oxford, London. 
CroU, N.A. (1976). The Organisation of Nematodes. Academic 
Press, London, New York, San Francisco. 
70 
Daugherty, J.W. (1954). Synthesis of aiaino nitrogen for 
ammonia in HyifflVlyiJll ^UffiifMki* ESSSl* §aSi- £&£• 
| i ,o l . i a i . Sa« 288-291. 
Oavis, B.J. (1964). Disc electrophoresis. IX. Method and 
application to seixm protein. Aran* ^.X* i^ad. Sc. . 
421 i 404-^7 . 
Florkin, M. ami Schoffeniels, E. (1969). Atoleeular approach 
to ecology. Acadenie Press* New York and London. 
FriiKien, C. (1959a). Olutaraate dehydrog^iase. I . The effect 
of co-enzyoie on the sedimentation velocity and 
IlLinetic behavioyr, ^ . QXSiL, Ghem. g^t 809<-814. 
Frieden, C. (1959b). Glutamate dehydrogenase. XI. Ihe 
effect of various nucleotides on the association* 
dissociation and kinetic propert ies, i . Biol. Chem. 
234» 815-820. 
*Gille8, R. and Sehoffsniels, E. (1965). ^£sll» Intern. 
ikUdSUl- UaShiOL- W ^^> AS cltsd by Florkin and 
Schoffeniels (1969). 
Grinest H. and Fottrell* P.F. (1966). Enzymes involved in 
glutaoaate metabollKs in legume root nodules, feature 
(London) 2121 295. 
71 
Qutterldge, VK.E. and Cooiabs, G.H. (1977). Bloch^lstxy of 
parasitic protozoa. The MacMillan Press Ltd., London 
and Basingstoke. 
Hopkins, C.A. and Callow, L.L. (1965), Methionine flux 
between a tape work (Hyi?P9lfiy3.ff i^ffOfHtf^ f) «««* i t s 
enviroment. Parasitology, ^t 653U-666, 
Isseroff, H. (1980). Introduction to the Met^olism Session. 
Int The Biochemistry of Parasites (Ed, Slutzky, Q.M.). 
p.erganion Press, Oxford. 
Kasschau, M.R. (1975). Changes in concentrations of free 
amino acids in larval stages of the trematode, 
Himasthla qi^issetensis and i t s intezmediate host, 
Hggffffftm A!i£2LjilU£* Sam* mtshm* SkujtlstL* 5i£t 
273-80. 
Kerkut, G.A. (1976). A eamnentary on comparative phazma-
eology. S^SL, iJLsfiilSBL- £bl£Ui.* SSiSi? i*3. 
Knox, B.E. and Pantelouris, E.M. (1966). Osmotic behaviour 
of MMSXSILA htPftUffjl in modified Hedon-Fleig media. 
Sm2f 9lXaShM* SkLJtXSll* i&s 609*13. 
72 
Krvdvica, S. , Thcnmnen, H., Pxx}8enjak, M. and Kucan, D. (1967). 
Th« presence and act iv i ty of giutasate dehydiogenase, 
glutatnint synthetase and transaminases In Fasclola 
cervi . Second Intematlonal Llverfluke Colloqultn 
(Publ. Wagoning •> The Netherlands). 
Langer, B.vy. (1972). The glutanic acid dehydrogenase of 
adult female Ascaris suum. i . Paraslt . ^ i 539-50. 
L^iger, B.Vli.i Phisphumvidhi, P. and Jian]peziRpoon» D. (1970). 
Malarial parasite metabolismi The glutamic acid 
dehydrogenase of Plasmodium berqhei. Exp. Parasit . 
2g,i 298-303. 
Lineweaver, H. and Burk, O. (1934). The determination of 
enzyme dissociat ion constants. J[. Ag^ . Cham. Sof. 
S^i 658*666. 
Lowry, OIH. t Bosebxough, N.J. i Farx, A.L. and Raridall, R.J. 
(1951). Protein measurement with fo l in phenol 
reagent. ^, Bio l . Chero. J ^ s 266^75 . 
Lueier, P.E.; Podesta, R.B. and Mettrick, D.F. (1978). 
HvmenoJ,epis diminutf^i Amino acid transport and 
osmoregulation. 2 . Paras i t . . ^^t 1140-1. 
73 
Lutz, P.L. and Slddiqi, A.H. (197X), Norwpxoteln nitrogenous 
composition of ^ e pxotonephridial fluid of the 
tromatode Fasciola gigantica> fifflBfi* Biocham. Phvsioi. 
44A: 453-457. 
MeGivan, J .D.; Bradford, N.M.; Cr^npton, M. and Chappell, J.B. 
(X973}* Effect of L-ieucine on the nitrogen metabo-
lism of isolated rat l i v e r mitochondria. Biochem. J[., 
1341 209-215. 
McGivan, J.D. and Chappellt J.B. (1975). On the metabolic 
function of glutamate dehydrogenase in rat l i v e r . 
McManus, D.P. and Smyth, J.O. (1979). Isoelectr ic focussing 
of some enzymes from Echinococcus granulosus (horse 
and sheep strain) and g. miUi9^^§Ki%.' Trans. R. 
Soc. troD. JUsjI.. Hva. £21(3)* 2!^9-265. 
McNeil, K.M. and Hutchinson, W.F. (1971). The tricarboxylic 
acid cycle enzymes in the adult dog heartworm, 
493^00. 
Mustafa, Tt Komuniecki, R. and Mettxick, O.F. (1978). Cytosolic 
glutamate dehydrogenase i n adult Hvmenoli^Dis diminuta 
(Cestoda). Saffl£. m^tShm* JStL&XoL' iU&t 219-222. 
74 
Olson, J.A. and Anflnson, C.B. (1953). Kinetic and e q u i l i -
bxiunt studies on crys ta l l ine L-glutamic acid dehydro-
genase. Ji. b io l . Qhen^ . 202« 841-856. 
Pascoe, D. (1970). Dehydrogenases in the daughter sporocysts 
of Affcrophallus ovomaeus (Levinsen. 1881} (Trematodai 
jiacroji^allidae). ^. ParasiteniK;. 3Sn 7*15. 
Perez-Gimenez, M.E.; Giouinez, A. and Gaede, K. (1967). Meta* 
14 bol ie transformation of C-glucose into t i s s u e 
proteins of frnffYi9§1^9iff ££Q4miBl* £&&• EmUiXk' i l s 
215-23. 
PoUak, J.K. and Fairbaizn, D. (1955). Metabolism of Ascaris 
illliVtfifffli^?! ovaries. I I . Amino acid metabolism. 
iask- i - §i,ashM» miMak* M* 307-316. 
Prosser, C.L. (1973). Comparative Animal Physiology. 3rd edn., 
Saunders Co., Philadelphia. 
Rao, V.K. iitohan and Husain, M.M. (1979). L-glutamate dehydro-
genase act iv i ty of axenic HfgtefflfU? g«3ifr?ffVl9nJL> 
Rassro, F.S.; Monteoliva, M. and Mayor, F. (1968). Enzymes 
related to 4-aminobutyrate metabolism in i n t e s t i n i l 
parasites, Cprnp. Biochem. Phvsiol. 2*>t 693-701. 
75 
Ifiodes, M.B. and Fexguson, 0,1.. (1973). Haemoncfius contortus. 
Enz^es. XXI. Glutamate dehydrogenases. I^xp. Para&it. 
^t iOO-iiO. 
Schmidt, Ellen (1974). Glutamate dehydrogenase UV • assay. 
Ini Methods of Enzymatic Analysis (Ed. Bergmeyer, 
H.U.). Vol, XX, pp. 650-656. Academic Press, Xnc. 
New Yozic and London. 
*Schoffeniels, E, and Q i l l e s , R. (1963). U i l i £^|L* 1< 3 ^ * 
*Schoffeniels, E, (1964a), Life Sc i . ^t 845. 
*Schoffeniels, E. (19641>). In "Comparative Biochemistry" (Ed, 
Florkin and Mason), Vol. VIX, pp. 137-202. Academic 
Press, New Yo:^. 
""schoffeniels, £. (1965). ^isJl. iQ l sm- ftUUiUi* MiOShiBL' 
ia« 73. 
Schoffeniels, £. (1966), ^^fi^ lOifiSQ* HUCIJAi* SULasOUft* 
24i 333. 
Senft, Alfred W, (1963). Observations on amino acid metabolism 
of Schistosoma mansoni in a ch«nically defined medium. 
• 
76 
Sey, Q, (i973}. The hatehifi^ mtehaniscs of the ^ggs of 
|»ar«BPhi«toiBuiia daybn#vi, Dinnik, i962 (Twiiiatoda). 
aAoafJlja Ml,ffll,M4„ jagfefftRyffl* M* ^^^i-ox, 
^wmim, Z.^.i F«t«ir»on» I.{ Tanigoshi, L* and Tln^, I .P . 
( i97 i ) . The giutiuiate d»hydxo9«n«t« of flasmodiiai 
4aBijaSai(Avian Malaria), Sm> £S£Mil« 22.« 433-439. 
Siddiqui, A.H.; Xslioi, M.W.i Nizaisi, W.A. (i975}. Osmotic 
aM ionie btthaviour of sorae di9«i«tie tmitatodas. 
Siddiqi, A.H« and Luis, F.L. (1966). Osiaotic and ionic 
rogulation in MmMM iMWlJltfi (TromatodatPigenoa). 
£SE. £i£iiajL» a&^ 34S-357. 
Sffiith, E.L.t Austin, l.M.f Biumanthai, K.M.; Nye, J .F . (i975). 
Olutamato dohydjsogenaaas. Xnt Tha Enzyrooa, Vol. XX 
( id . Boyer, P.D.) |>f>. 294«>367. Acadamie P7«ts, New Yosk. 
Stes^en, H.B.i Alan, K.i l^awrwiee, L.D.f Oavid, H, and 
Biehazd, J.H. (1978), fiiAIIP'Specifie glutai&ato 
dehydzogenase in it^44A<ff» j M i J L M* QmR' MSii^ffi* 
phvaioi, §J^t 18^X07. 
Stjcyar, L, (1975), *BiocharBittzy". vy.H, Freeman and Coespany, 
Sm Franciaco, 
Thuzman, 0«A.i Palin, C. and i.ay6ock, M.V. (X965). Xaoenxymatic 
nature of L«glutamic diriiydrogenaae of higher plants* 
liAlsuai (London) Zfpt 193, 
77 
von der H«im, H.J, (1962), L-glutamat* cl«hydxo9«na»« Itoenzymcs. 
filiaa (London). J ^ 773. 
von Brand, T. (1973). Biochoaistxy of Parasites, Socond adn. 
Aeadamic Prttes, N«w Yoxic. 
von Brand, T. {1979). Biochonlstxy and Physiology of ando> 
parasitas. Elsevier/North Holland, Biomedical Press, 
AnstexdaiB. 
Walter, E.D., Nozdmeyer, J.P. and Konig, K.E. (1974), NADP-
specific glutaroate dehydrogenase fron Plasaodlua 
fft^aydjl,. ^. ShxMSk* QiM* 495^00. 
Webb, E.G. (1964), The i^nenclature of multiple enzyme foxms. 
Experimontia. 2qt S92, 
Wilkinson, J.H. (1970). Isoenzymes. Ctiapraan and Hall, 
London, pp. 204, 216. 
Wright, O.J. (1975). Studies on nitrogen catabolism of 
£ing9fffi..LWI gf^ lYJ^ YWI Qood«y> 1945 (Nematodat 
Cephalobidae). gggut. fijLABlUtffi* £22Xilfii* S2ft« 255-260. 
Not seen in original. 
